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REUTIONSHIPS  BETWEEN  PROPERTIES  OF  COTTON  FIBERS 
AND  SIRENGIS  OF  CARDED  YARN 


By  Robert  W*  Webb^  principal  cotton  technologist,  and  Howard  B« 
Riehardeon,  associate  cotton  teohnologist.  Cotton  and  Fiber  Branch 

SUMMARY  AND  CONCLUSIONS 


Facts  concerning  the  relationships  of  cotton  fiber  properties  to 
manufacturing  performance  and  to  yam  and  fabric  quality  are  of  ralue 
to  and  benefit  both  cotton  agriculture  and  the  tesctile  industry  in  that: 
(1)  Ihey  indicate  to  cotton  breeders  those  fiber  properties  and  combi- 
nations of  fiber  properties  which  should  be  incorporated  in  the  new 
varieties  and  strains  being  developed;  (2)  they  furnish  breeders  a  ready 
means  of  determining  the  direction  and  extent  of  ohcmges  made  in  the 
fiber  and  spinning  qualities  of  their  progenies ,  and  a  basis  for  making 
their  selections  and  rejections j  (3)  they  are  of  assistance  to  agricul- 
tural leaders  in  the  selection  of  ^varieties  for  one-variety  and  organited 
cotton  communities j  and  (4)  they  aid  spinners  in  selecting  cottons  needed 
for  best  results  in  the  manufacture  of  various  types  of  cotton  goods  • 

Findings  presented  in  this  paper  answer,  in  considerable  part, 
such  questions  as 3    How  much  of  the  yam  strength  variance  is  explainable 
by  8  separate  and  variously  combined  fiber  properties?    How  closely  can 
yam  strength  be  estimated  or  predicted  from  a  knowledge  of  such  fiber 
properties  only?   Ilhioh  combination  of  fiber  properties  gives  the  best 
results?  And  which  and  hem  memy  fiber  tests  may  be  omitted  from  a  series 
and  still  give  sufficient  data  for  satisfactorily  predicting  yarn  strength? 

The  data  used  in  tiiese  analyses  represent  766  individually  tested 
cottons  covering  a  wide  range  of  American  Upland  types  as  well  as  a  wide 
range  of  growth  conditions.    Samples  representing  16  ooBonercial  varieties, 
grown  in  duplicate  at  each  of  8  locations  across  the  rainfall  part  of  the 
American  Cotton  Belt,  during  the  crop  years  1955,  1936,  and  1937,  have 
served  as  a  basis  of  this  study*   All  fiber,  spinning,  and  yarn  tests  were 
performed  by  standardised  methods  under  controlled  atmospheric  conditions* 

By  using  multiple,  partial,  and  simple  correlation  analys  es ,  com- 
prehensive studies  have  been  made  of  the  contribution  of  8  cotton  fiber 
properties,  separately  and  in  various  combinations,  to  the  skein  strength 
of  22s  and  60s  carded  yarn.    The  twists  used  in  the  manufacture  of  these 


yarns  are  those  which ^  In  relation  to  the  staple  length  of  the  raw  oot- 
ton,  gi've  maximum  yam  strength.    The  fiber  properties  included  in  the 
principal  studies  are  upper  quartile  length,  coefficient  of  length 
variability,  str.ength,  fineness,  percentage  of  mature  fibers  and  grade, 
and  the  relationships  existing  between  15  pairs  of  these  have  been 
determined •    Mean  fiber  length  and  staple  length  have  been  considered  in 
certain  instances* 

Ifhen  the  effects  of  the  interrelated  fiber  properties  measured 
are  eliminated,  10  of  the  15  pairs  of  6  fiber  properties  are  significantly 
correlated*    The  other  5  pairs  of  fiber  properties  possess  little  or  no 
correlation*   Appreciable  scatter,  however,  is  shown  by  all  the  pairs  of 
fiber  properties  and  the  trend  appears  to  be  linear  in  every  oase.  No 
indication  of  a  curvilinear  relationship  has  been  noted  for  any  pair  of 
the  fiber  properties* 

A  coefficient  of  multiple  linear  correlation  of  0*935  has  been 
found  for  the  relationship  existing  between  the  skein  strength  of  228 
carded  yam  and  the  6  collective  fiber  properties  mentioned;  and  0*9S6 
for  that  with  608  carded  yam*    These  correlations  are  considered  rela- 
tively high. 

The  coefficient  of  determination  is  0*871  for  the  22s  yam  and 
0*875  for  the  608  yam*    These  statistical  values  indicate  that  97  8^ 
percent  of  the  variance  in  the  yam  skein  strengths  of  these  cottons  is 
accounted  for  by  the  6  fiber  properties  used  in  the  analyses*  These 
findings  are  viewed  as  being  highly  si^if leant* 

Almost  as  high  a  correlation  has  been  found  for  the  relationship 
between  the  skein  strengths  of  either  22s  or  60s  yarn  and  the  4  oolleotlve 
fiber  properties  of  upper  quartile  length,  coefficient  of  length  varla* 
bility,  fineness,  and  strength  as  was  obtained  with  the  6  fiber  properties* 

With  other  oombintttiont  of  fiber  properties,  the  ooeffioiente  of 
correlation  are  appreciably  lest,  the  reductions  varying  with  different 
combinations  of  fiber  properties  and  being  more  or  less  proportionate  to 
the  number  of  fiber  properties  considered* 

The  results  of  simple  correlation  analyses  indicate  relative  Xoir 
or  poor  correlation  between  any  one  of  the  8  fiber  properties  and  yam 
strength*    Sone  of  the  respective  fiber  properties,  however,  are  muoh 
better  than  otliers  in  this  particular* 

In  terms  of  skein  strength  of  22s  and  60s  carded  yam,  fiber  strength 
is  the  most  important  of  the  6  fiber  properties  consideredi  it  is  followed 
in  tum  by  coefficient  of  length  variability,  upper  quartile  length,  fine- 
ness expressed  as  weight  per  inch  of  fiber,  grade,  and  percentage  of 
mature  fibers , 


Althou^  the  rank  of  importance  for  the  6  fiber  properties  with 
respeot  to  skein  strength  is  the  same  for  both  22s  and  608  oarded  yam^ 
there  is  evidence  that  fiber  length  is  somewhat  more  important  to  the 
strength  of  608  yam  than  to  that  of  228,  and  that  fiber  strength  is 
more  important  to  the  strength  of  228  yarn  than  to  that  of  60s  yarn. 
Whether  the  ranks  obtained  for  the  importance  of  fiber  length  and  fiber 
strength  to  yarn  strength  would  remain  the  same  for  counts  much  finer 
than  60s,  or  whether  they  would  be  reversed,  is  problematical* 

When  expressed  in  practical  units  of  measure,  as  based  on  the  six 
fiber-property  equation,  the  average  effect  of  change  in  each  fiber  prop- 
erty on  the  skein  strength  of  228  carded  yarn,  while  the  other  fiber 
properties  are  held  constant,  has  been  found  to  be  as  follows t  Lowering 
the  grade  of  cotton  by  one  grade,  deoreases  yarn  strength  by  1*89  pounds; 
flLn  increase  of  l/z2  inch  in  upper  quartile  length,  increases  yam  strength 
by  0*99  pound;  an  increase  of  1  percent  in  the  coefficient  of  length 
variability,  decreases  yam  strength  by  1*94  pounds;  an  increase  of  one 
microgram  per  inch  in  wei^t  of  fiber,  deoreases  yam  strength  by  7,32 
pounds  (the  coarser  the  fiber,  tiie  lower  the  yam  strength);  an  increase 
of  1  percent  in  the  percentage  of  mature  fibers  deoreases  yarn  strength 
by  0.26  pound;  and  an  increase  of  1,000  pounds  per  square  inch  in  fiber 
strength,  increases  yam  strength  by  0*94  pound. 

Corresponding  changes  in  the  fiber  properties  cause  more  or  less 
proportionate  effects  on  the  skein  strength  of  60s  oarded  yam. 

The  foregoing  results,  if  expressed  in  another  manner,  show  that 
an  increase  of  1  pound  in  the  skein  strength  of  228  carded  yam  results 
bys    Raising  the  grade  of  cotton  by  0.53  step;  increasing  the  upper 
quartile  length  by  l/s2  inch;  decreasing  the  coefficient  of  length  varia- 
bility by  0.62  percent;  decreasing  fiber  weight  per  inch  by  0,14  microgram 
(the  finer  the  fiber,  the  stronger  the  yam);  decreasing  the  percentage  of 
mature  fibers  by  3.79  percent;  or  increasing  fiber  strength  by  1,060 
pounds  per  square  inch . 

The  amount  of  change  in  the  respective  fiber  properties  neoeesary 
to  cause  an  increase  of  1  pound  in  yam  strength  is  from  2.0  to  3.4 
times  greater  for  60s  yam  than  for  22s;  however,  on  a  relative  basis, 
the  amount  of  change  in  the  fiber  properties  is  from  1.2  to  2.3  times 
greater  for  22s  yam  than  for  60s . 

Sixty-six  regression  equations  are  presented  which,  by  mathemati- 
oally  revealing  the  relation  of  the  eight  separate  and  variously  cobh- 
bined  fiber  properties  to  the  skein  strength  of  22s  and  60s  carded  yam, 
provide  a  tool  for  estimating  directly  the  strength  of  those  counts  of 
yam  from  only  a  knowrledge  of  the  ma^itudes  of  the  fiber  properties. 
Supplemented  by  the  use  of  a  conversion  formula,  the  equations  also 
permit  predictions  of  the  skein  strength  of  any  count  of  oarded  yam. 
Ihe  equations  are,  therefore,  of  value  to  cotton  breeders,  manufacturers. 


and  others  who  wish  to  pradiot  tho  merits  of  n  cotton  in  terms  of  the 
skein  strength  of  carded  yarn,  without  having  to  make  a  spinning  testf 
or,  in  the  event  of  a  test,  to  compare  the  level  of  Ihe  results  so 
obtained  with  the  level  representing  the  results  furnished  by  the  large 
number  and  wide  range  of  carefully  tested  cottons  used  in  this  study. 

Such  equations  will  be  of  particular  assistance  to  cotton  breeders 
in  their  work  in  that  they  can  now  evaluate  the  3ram*strength  merits  of 
their  new  varieties  and  strains  before  large  enough  samples  are  available 
for  the  making  of  spinning  and  yarn  tests,    Hius,  by  the  avoidance  of 
several  years*  delay,  with  countless  selections  and  hybrids,  the  cotton 
breeding  work  can  be  speeded  up  appreciably.    Moreover,  selections  and 
rejections  of  new  progenies  cam  be  made  the  "first  year**  with  greater 
assurance  than  otherwise  would  be  possible,  thus  enabling  the  breeders 
to  concentrate  only  on  the  most  promising  strains  and,  thereby,  to  elim- 
inate much  unnecessary  work,  lost  motion,  and  expense. 

Sstistated  values  of  yarn  strength  derived  by  means  of  the  equa- 
tions listed  should  agree  generally  with  the  actual  values  obtained, 
within  the  limits  of  tolerance  speoified  for  each  equation,  provided 
certain  conditions  are  satisfactorily  met.    There  will,  no  doubt,  be 
individual  oases  where  actual  and  estimated  values  differ  appreciably* 
In  such  instances,  it  is  likely  that  either  something  is  very  unusual  or 
extreme  about  one  or  more  properties  of  the  cotton,  or  else  that  the 
techniques,  conditions,  and  specifications  used  by  others  in  cotton  yara 
manufacture  or  in  their  fiber  and  yam  testing  are  appreciably  different 
from  those  used  in  this  study* 

None  of  the  equations  involving  the  eight  separate  fiber  properties 
gives  estimates  of  yarn  strength  precise  enough  to  put  much  reliance  in 
results  obtained  on  the  basis  of  any  one  fiber  property,  alone.  Thm 
greater  the  number  of  pertinent  fiber  properties  included  in  an  equation, 
the  more  reliable  it  will  be  for  estimating  yarn  strength.    Likewise,  the 
more  completely  the  interacting  effects  of  other  associated  fiber  proper- 
ties are  eliminated,  the  more  significant  will  be  the  value  obtained  for 
the  contribution  or  importance  of  any  measured  fiber  property  to  yam 
strength . 

Both  simple  and  partial  correlation  coefficients  are  presented  as 
indicators  of  the  importance  of  the  respective  fiber  properties  to  yam 
strength.    Simple  correlation  coefficients,  however,  may  be  misleading 
as  indicators    of  the  "true**  importance  of  separate  fiber  properties  to 
yarn  strength,  because  of  certain  interrelationships  that  exist  among  the 
fiber  properties  themselves.    Simple  correlation  coefficients  for  the 
same  reason,  therefore,  also  may  be  misleading  as  a  measure  of  the  rela* 
tionship  between  any  pair  of  measured  fiber  properties . 


Mean  length  appears  to  be  a  slightly  better  single  statistical 
measure  of  fiber  length  distribution  in  relation  to  yarn  strength  them 
is  upper  quartilo  length  alone*    Hovrever,  upper  quartile  length  in  con- 
junct ion  with  coefficient  of  length  variability  is  a  better  measure  of 
fiber  length  distribution  in  relation  to  yarn  strength  than  is  mean 
length  alone* 

No  hi^er  correlation  or  better  results  hare  been  found  between 
the  six  combined  fiber  properties  and  yam-skein  strengths  by  applying 
regular  multiple  ounri linear  correlation  analysis  theoi  by  regular  linear 
correlation  technique.    Improvement  could  hardly  be  expected  by  curvi- 
linear analysis y  however ,  since  linear  correlation  betwreen  the  collective 
fiber  properties  and  yarn  strength  has  shown  the  high  multiple  correla- 
tion coefficient  reported* 

Correlation  einalyses  between  the  strength  of  22s  oarded  yarn  and 
the  product  of  fiber  length  by  fiber  strength  as  well  as  the  product  of 
these  t«ro  factors  divided  by  fiber  fineness  have  given  no  better  esti- 
mating equations  than  those  obtained  by  the  regular  linear  correlation 
analyses  involving  corresponding  fiber  properties* 

In  considering  the  statistical  values  and  equations  presented  in 
this  paper f  it  should  be  remembered  that  they  refer  only  to  American 
Upland  cottons  and  only  to  skein  strength  of  carded  yams*    Findings  from 
similar  statistical  studies  using  the  same  fiber  data  correlated  with 
yam  appearance,  with  tire-cord  strength,  with  tire-cord  elongation,  and 
with  percentage  of  pioker  and  card  waste  reveal  a  somewhat  different 
picture  with  respect  to  over-all  relationships  and  the  relative  importance 
of  the  different  fiber  properties*    Those  findings,  however,  are  beyond 
the  scope  of  this  paper  and  will  be  presented  in  later  reports  of  this 
series  * 


INTRODUCTION 


Raw  cottons  vary  greatly  in  their  fiber  properties  and  in  certain 
other  elements  of  quality.    As  a  result,  therefore,  the  spinning  per- 
formance of  individual  cottons  and  mixes  of  cottons,  and  the  quality  of 
the  products  manufactured  from  them  may  vary  greatly. 

By  origin  and  nature,  cotton  fibers  possess  a  highly  specialized 
and  complicated  type  of  structure.    Most  of  their  properties  vary  over 
relatively  wide  ranges,  and  many  combinations  of  properties  characterise 
them.    It  is  these  unique  combinations  and  ranges  of  fiber  structures 
and  properties,  plus  the  art  of  mixing  and  blending  and  the  processes  of 
spinning,  weaving,  and  finishing,  that  have  enabled  cotton  over  the  ages 
to  meet  so  well  its  wide  range  of  use  and  service  requirements. 

Much  progress  has  been  made  during  the  last  30  years  in  the  im- 
provement of  cotton  fiber  and  spinning  quality  through  the  processes  of 
breeding  and  selection,  of  better  cultivation  and  harvesting,  and  of  more 
efficient  ginning.    Progress  also  has  been  made  during  the  same  period  in 
the  standardization  and  classification  of  cotton  with  respect  to  quality 
as  well  as  in  the  marketing,  processing,  and  utilization  of  cotton. 

Opportunities  exist,  however,  for  the  development  of  still  further 
improvements  in  cotton-fiber  quality,  in  the  standardization  and  marketing 
of  cotton,  and  in  the  processing  and  utilization  of  cotton.  Progress 
and  success  in  many  of  these  phases  depend  upon  learning  more  precisely 
the  relative  importance  of  the  separate  and  combined  properties  of  the 
fibers  in  terms  of  spinning  performance  and  of  the  quality  of  manufaotured 
products. 

More  particularly,  there  is  need  for  knowing  the  quantitative  re- 
lationships which  exist  between  cotton  fiber  properties  and  yarn  skein 
strength  as  a  means  of  answering  such  questions  as:    What  combination  of 
fiber  properties  is  the  most  desirable  from  the  standpoint  of  yarn 
strength?    Which  separate  fiber  property  is  the  most  important  to  yam 
strength?    Which  one  is  the  least  important?    What  is  the  order  of  rank 
for  the  other  contributing  fiber  properties?    Is  the  order  of  importance 
of  the  separate  fiber  properties  to  yarn  strength  the  same  for  coarse  and 
fine  yarns,  or  is  it  different?    When  comparisons  are  made  of  different 
cottons  varying  widely  in  staple  length,  on  the  basis  of  the  yam-strength 
data  representing  a  count  common  to  them  all,  are  the  short-staple  varie- 
ties inadvertently  favored  and  the  long-staple  ones  penalized,  or  vice 
versa? 

Similar  questions  also  arise  as  to  the  relationships  and  importance 
of  various  separate  and  combined  cotton  fiber  properties  in  the  case  of 
single  strand  strength,  yarn  appearance,  tire-cord  strength,  cord  elonga- 
tion, percentage  of  picker  and  card  waste,  and  other  manufacturing 
qualities . 


As  an  outgrowth  of  extensive  fiber  and  spinning-te sting  activi- 
ties over  a  number  of  years,  the  laboratories  of  the  Office  of  Marketing 
Services  have  an  accumulation  of  what  is  perhaps  the  largest  and  best 
volume  of  data  on  cotton  fiber  properties  and  spinning  performance  in 
existence.    Comprehensive  statistical  analyses  have  been  under  way  for 
some  time,  and  are  continuing,  in  an  effort  to  establish  the  relation- 
ships of  the  various  measureable  fiber  properties  to  manufacturing  per- 
formance and  to  the  quality  of  the  manufactured  product. 

SAMPLES  AND  TEST  PROCEDURES 


The  Federal-State  South-wide  regional  variety  study  has  furnished 
the  basic  data  used  in  the  statistical  analyses  reported  in  this  paper* 
This  study  was  designed  primarily  to  provide  data  for  studying  the  effect 
of  variety,  soil,  season,  and  climate  on  the  agronomic,  fiber,  and  spinning 
properties  that  are  important  both  from  the  agricultural  and  textile 
standpoints,  in  determining  the  spinning  values'  of  cotton,  l/ 

The  16  varieties  of  cotton  that  have  been  tested  are  listed  in 
alphabetical  order  as  follows: 

Acala  (Rogers )  Half  and  Half 

Arkansas  17  Mexican  Big  Boll 

Cleveland  (Y/annamaker  )       Qua  11a 

Cook  912  Rowden  40-2088 

Delfos  (Misdell)  4  Startex  619 

Deltapine  11  Stoneville  5 

Dixie  Triumph  759  Triumph  (Oklahoma)  44 

Farm  Relief  2  Wilds  5 

Spinning  test  samples  were  obtained  for  each  of  the  16  varieties 
grown  at  each  of  the  8  locations  listed  as  follows: 

Florence,  S .  C. 

Stoneville,  ^iss. 

Marianna  (Upland  Station),  Ark* 

Marianna  (Delta  Station),  Ark* 

Baton  Rouge,  La* 

Stillwater,  Okla* 

College  Station,  Tex* 

Lubbock,  Tex. 


l/  The  principal  agencies  cooperating  in  this  study  provided  the  samples 
~    and  basic  data  involved,  as  well  as  assistance  as  follows:     !Ihe  Bureau 
of  Plant  Industry,  Soils  and  Agricultural  Engineering  selected  the 
varieties  and  growth  locations,  and  produced  and  ginned  all  samples. 
The  various  Southern  State  experiment  stations  and  substations  cooperated 
in  setting  up  the  field  work  and  in  the  production  of  the  cottons.  The 
Cotton  end  Fiber  Branch  of  the  Office  of  Marketing  Services,  laboratories 
of  which  are  operated  jointly  with  the  Bureau  of  Plant  Industry,  Soils 
and  Agricultural  Enf?;ineering,  the  Agricultural  and  Mechanical  College 
of  Texas,  and  the  Clemson  Agricultural  College  of  South  Carolina,  con- 
ducted the  spinning  and  fiber  tents. 


8 


For  this  phase  of  the  study,  duplioate  lots  of  cotton  -  represent* 
ing  eaoh  Tariety  and  eaoh  location  «*  were  used  for  3  oonsecutive  crop 
years,  namely  1935,  1936,  and  1937,    Such  a  plan  provided  256  samples  of 
cotton  for  spinning  and  companionate  fiber  tests  from  each  crop  year, 
or  a  total  of  768  tamples  for  the  entire  study •    Fiber  tests  were  made 
on  the  individual  lots  except  in  4  instances  *    Two  pairs  of  the  corres- 
ponding lots  of  cotton  w^re  too  small  for  individual  spinning  tests,  as 
a  result  of  growth  conditions,  so  it  was  necessary  to  combine  the  dupli- 
oate lots  and  spin  them  as  a  single  lot. 

All  the  samples  of  seed  ootton  were  ginned  on  a  small  16-saw  gin, 
without  any  preliminary  cleaning  or  extracting  aotion  in  the  usually 
commercial  ginning  sense.    The  first  a^d  last  portions  of  the  lint  from 
the  gin  were  discarded,  as  the  intervening  material  was  considered  more 
representative  and  best  for  fiber  and  spinning  tests. 

Lint  sampled  were  classified  as  to  grade,  staple  length,  and 
character  by  the  U.  S,  Appeal  Board  of  Review  Examiners,  according  to 
the  procedure,  standards,  and  concepts  described  in  Miscellaneous  Publi- 
cation 310  2/, 

All  fiber  tests  were  carried  out  according  to  the  standard  routine 
procedures  of  Ihe  laboratories  under  atmospheric  conditions  of  65  percent 
relative  humidity  and  70°F.  temperature,  ^        except  that  the  fiber 
immaturity  test  wit^  results  expressed  in  ''percentage  of  thin-mlled 
fibers"  has  been  replaced  by  the  fiber  maturity  test  with  results  expressed 
in  "percentage  of  mature  fibers."    The  latter  is,  however,  a  conversion 
figure  obtained  by  subtracting  the  former  from  100.   With  either  test  or 
basis  of  expression,  a  thin-mil  fiber  is  one  which,  after  treatment 
with  a  18  percent  oaustio  soda  solution,  is  observed  by  means  of  micro- 
scopic examination  to  possess  a  wall  thickness  less  than  one-half  of  the 
width  of  the  lumen  or  cavity  within  the  fiber;  and  a  mature  fiber  is  one 
so  treated  and  examined  but  whose  wall  thickness  is  equal  to  or  greater 
than  ono'^alf  of  its  lumen  width.    These  methods  are  those  currently  used 
in  the  testing  servioe  work  on  cotton  5^. 

2/  "The  Classification  of  Cotton,"  prepared  by  the  Bureau  of  Agricultural 
Economies,  U.S.DJl.;  Miscellaneous  Publication  310;.  pages  1-54;  May 
1936.  (The  cotton  standarditation  and  classification  work,  a  function 
of  the  Cotton  and  Fiber  Branch,  is  ncwr  a  part  of  Office  of  Marketing 
Services,  War  Food  Administration.) 

zf  "Methods  for  i*ie  Measurement  of  Certain  Character  Properties  of  Raw 
Cotton,"  by  Howard  B.  Richardson,  T.L.W.  Bailey,  Jr.  and  Carl  M. 
jConrad,  USDA,  Tech.  Bui.  645;  pages  1-76;  January  1937. 

4^  "A.S.T.M.  Standards  on  Textile  Materials.    Testing  Cotton  Fibers:" 
D414-40T;  prepared  by  Conmittee  D-13;  pages  142-162;  October  1943. 
(Published  by  the  American  Society  for  Testing  Materials,  Philadelphia, 
Pa«,  and  issued  annually,) 

hjf  "Cotton  Fiber  and  Spinning  Testing  Service;"  issued  by  Office  of  Dis- 
tribution, WFA  and  USDA,  Sept.  1944.  (Processed.)    Notex  As  a  result 
of  a  recent  reorganization,  the  service  testing  work  is  now  a  function 
of  the  Office  of  Marketing  Services,  WFA  and  USDA. 


The  spirniing  teste  were  performed  with  the  technique  developed  in 

the  laboratories  of  the  Cotton  and  Fiber  Branch  for  use  with  small  samples 

of  cotton,        Eaoh  sample  was  passed  suooassively  through  the  following 
textile  processing  machines: 

Finisher  picker  (twice) 
Card 

Drawing  frame  (twice) 
Slubber 
Intermediate 
Fine  frame 

Regular  draft  spinning  frame 

At  the  spinning  frame,  eaoh  sample  was  spun  into  5  numbers  of 
carded  yarn,  including  228;  a  fine  number,  such  as  44s,  SOs,  or  60s,  de- 
pending upon  the  staple  length  of  the  cotton;  Emd  an  intermediate  number 
such  as  28s,  368,  or  448. 

The  twist  multipliers  employed  in  the  manufacture  of  these  yarns 
were  those  giving  maximum  skein  strengths  for  the  particular  staple 
lengths,  as  determined  by  an  empirical  formula  developed  in  the  labora- 
tories of  the  Cotton  and  Fiber  Branch ♦    On  the  basis  of  the  yarn  con- 
struction used  in  general  mill  practice,  thiose  included  in  this  study  may 
be  considered  as  having  been  medium- twist  warp  yarns* 

Yam  twist  multipliers  in  relation  to  staple  length  were  used 
with  these  raw  cottons,  as  follows:    s/b  inch,  5.36;  3/4  inch,  5.35; 

25/32  inch,  5.15;  I3/I6  inch,  5.00;  27/32  inch,  4.85;  t/s  inch,  4.70; 

29/32  inch,  4.60;  I5/I6  inch,  4.45;  3l/32  inch,  4.35;  1  in'ch,  4.25;  1-1/32 

inch,  4.20;  I-I/I6  inch,  4.10;  1-3/32  inch,  4.05;  l-l/s  inch,  3.96;  1-5/32 

inch,  3.90;  l-3/l6  inch,  3.85;  1-7/32  inch,  3.80;  I-I/4  inch,  3.75;  1-9/32 

inch,  S.70;  I-5/I6  inch,  3.65. 

Automatically  controlled  humidity  ar.d  temperature  were  used  in  all 
card-room  and  spinning-room  processes,    llie  conditions  were  as  follows t 
Card  room,  60  percent  relative  humidity  at  75^F,;  spinning  room  70  percent 
r  Ji.  at  75®F.    In  the  picker  room  where  automatic  control  was  not  avail- 
able, the  cotton  was  processed  under  45  to  55  percent  r.h,,  but  the 
temperature  was  not  controlled. 

Laboratory  tests  on  the  yarns  were  conducted  in  accordance  with 
standard  methods  existing  at  the  time,  6/,  l/ ^  and  under  standard  atmos- 
pheric conditions  of  65  percent  r.h,  an'Sf  70'^F, 


6/  "A.S.T.M.  Standards  on  Textile  Materials."    Testing  and  Tolerances  for 
Cotton  Yarns;  DlSO-37;  prepared  by  Committee  D-13,  pages  70-77; 
September  1937.    (Published  by  the  American  Society  for  Testing  Materials 
Philadelphia,  Pa,,  and  issued  annually.) 

1/  '•standards  for  Appearance  of  Cotton  Yam,**  by  Malcolm  £.  Campbell,  Agri- 
cultural Marketing  Service,  U.S.BJI.,  pages  1-8;  April  1940.  (Processed.) 
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DATA  USED  IN  STATISTICAL  ANALYSES 


For  the  purpose  of  simplification  and  convenirtnoo  in  presenta- 
tion, grade  is  ref^rr^d  to  herewith  as  a  fiber  property.    Grade,  however, 
is  not  a  separate  fiber  property  in  the  accepted  technical  sense  of  fiber 
length  or  fiber  strength.    More  particularly,  the  grade  designation  of 
a  sample  of  cotton  represents  a  composite  evaluation  by  cotton  special* 
lata,  as  based  on  three  groups  of  factors,  namely,  color  of  fiber, 
foreign  matter  (amount  and  type  of  leaf  and  other  extraneous  matter),  and 
''preparation**  (the  degree  of  smoothness  with  which  the  sample  was  ginned). 

Hie  basic  fiber  data  pertaining  to  each  cotton  of  the  series,  as 
derived  from  tests  made  on  representative  samples,  constitute  the  follow- 
ingt    Upper  quartile  length,  mean  length  and  coefficient  of  length  varia- 
bility, averages  of  data  obtained  from  3  or  more  length  array  tests  made 
by  the  sorter  method  and  expressed  on  a  weight  basis;  fiber  fineness 
expressed  in  micrograms  per  inch  and  percentage  of  mature  fibers,  averages 
of  data  obtained  from  2  length  arrays;  fiber  strength,  as  determined  by 
the  Chandler  method  -  round  wrapped  bundle  -  and  expressed  in  terms  of 
1,000  pounds  per  square  inch  of  material,  averages  of  10  successful 
bundle  breaks . 

The  classification  data  with  respect  to  grade  and  staple  length, 
were  based  on  a  sing;le  representative  sample  for  each  lot  of  cotton. 
This  lint  sampling  procedure  was  considered  adequate,  since  the  samples 
of  ginned  lint  wore  compara bively  small  and  since  the  first  and  last  por- 
tions of  the  ginned-lint  bat  were  discarded  in  each  instance. 

That  no  cleaning  and  extracting  processes  were  used  in  connection 
with  the  ginning  of  these  cotton  accounts,  in -part,  for  tha  fact  that 
the  ginned  lint  was,  on  the  aver%ige,  somewhat  low  in  t^ade.    In  all  prob- 
ability, however,  the  reduction  in  grade  from  this  cause  was  not  over 
one-half  of  a  grade  step  in  the  case  of  the  lowest-grade  samples  and  a 
lesser  amount  for  the  higher-grade  samples. 

Skein  strength  values  obtained  for  each  cotton  represent  an 
average  of  25  individual  tests  for  22s  yarn;  36  for  2ds,  36s,  and  448; 
and  50  for  508  and  60s.    The  strengths  have  been  adjusted  to  the  specified 
count  by  the  method  described  in  Circular  415  o/,  as  exact  counts  of 
yarn  are  generally  impossible  to  spin  in  any  laboratory  or  cotton  mill. 


An  Improved  Method  for  Converting  an  Observed  Skein  Strength  of  Cotton 
Yam  to  the  Strength  of  a  Specified  Yam  Count,  by  Malcolm  E.  Campbell, 
U.S.  Department  of  Agriculture,  Circular  413,  October  1936. 
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In  the  statistical  analyses,  as  reported  here,  the  respeotiTe 
fiber,  classification,  and  yarn  data  of  duplicate  lots  of  cottons,  grown 
on  duplicate  field  plots,  have  been  averaged.    Each  average,  with  2 
exceptions,  represents  twice  the  nxuaber  of  fiber  and  yam  strength  tests 
previously  reported  for  each  cotton*    A  total  of  384  observations,  rep- 
resenting 766  individually  tested  cottons,  comprise  the  series. 

Indiscriminate  averaging  of  raw  data  for  statistical  analyses,  as 
a  general  rule,  is  a  dangerous  procedure  because  interpretations  and 
conclusions  based  on  them  frequently  are  in  error  and  sometiises  can  be 
misleading*    However,  in  this  instance,  no  violence  was  done  to  the  data 
by  averaging  them  since  duplicate  samples  and  data  were  involved  in  all 
oases  and  since,  in  most  instances,  the  respective  data  for  the  duplicate 
plots  agreed  very  closely*    In  some  oases,  however,  certain  disparities 
did  occur*    The  scatter  of  the  observations  with  respect  to  a  particular 
measure  is,  therefore,  a  little  less  for  the  384  items  than  for  the  766* 
Averaging  the  data  in  this  manner  reduced  '^e  amount  of  clerical  work 
involved  in  the  calculations  by  approximately  one-half  and  this  was  a 
decided  advantage* 

In  order  to  «tudy  the  importance  of  various  fiber  properties  of 
cotton  with  respect  to  their  influence  on  the  strength  of  yarn,  or  <m 
any  yam  and  fabric  quality,  it  is  neoessary  -that  the  data  not  only  be 
reliable  and  comparable  but  that  the  fiber  properties  involved  possess 
a  range  and  frequency  sufficiently  great  that  there  is  an  opportunity 
for  their  effects  to  be  discernible  in  the  correlation  analyses.  The 
^  extent  to  i^ich  the  series  of  cottons  used  in  this  study  varied  in  their 
fiber  properties  and  in  their  skein  strengths  resulting  from  spinning 
each  of  them  into  22s  carded  yam  of  optimum  twist  for  their  respective 
staple  lengths,  is  shown  in  table  1.    Corresponding  values  also  are  shown 
in  this  table  for  the  skein  strength  associated  with  60s  carded  yarn, 
obtained  from  either  direct  measurement  or  conversion* 

The  data  listed  in  table  1  show  that,  with  the  possible  exception 
of  grade  and  length,  the  fiber  properties  cover  a  relatively  wide  range* 
Even  for  grade  and  length,  however,  the  ranges  are  greater  than  those 
of  the  bulk  of  American  Upland  cotton* 

It  is  of  Interest  to  note  the  wide  range  of  strength  of  22s  yam 
furnished  by  these  cottons,  the  weakest  being  49  pounds  per  skein  and 
the  strongest  142  pounds,  or  a  difference  of  93  pounds  per  skein*  This 
extremely  wide  range  of  yam  strengths  is  the  result  of  the  influence, 
over  a  comparatively  wide  range,  of  oAny  combinations  of  fiber  properties 
in  Ihe  raw  cottons  from  which  the  yams  were  spun.    In  usual  mill  practice, 
-tiie  range  of  skein  strengths  for  228  yam  is  substantially  less  than  that 
obtained  with  this  series  of  cottons,  because  cottons  representing 
decidedly  more  restricted  ranges  of  staple  length,  grade,  and  character 
are  generally  used  in  such  cotton  mixes  of  the  textile  industry. 
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With  respeot  to  th«  strength  of  608  yarn  for  the  384  lota  of 
cotton  in  the  series^  data  from  aotual  tests  were  available  for  only 
102  of  them.    In  282  oases,  608  yam  strength  data  were  not  available  $ 
sinoe  the  staple  lengths  of  those  cottons  were  so  short  as  to  make  dif- 
ficultf  if  not  sometimes  impossible,  the  spinning  of  this  count*  Such 
being  the  case  and  in  view  of  t^e  fact  that  different  lots  of  cottons, 
possessing  different  ranges  and  frequencies  of  fiber  properties  give 
different  results,  direct  and  valid  comparisons  between  the  findings 
from  the  22s  and  60s  yarns  are  possible  only  if  the  frequencies  and 
ranges  of  the  magnitudes  of  the  various  fiber  properties  are  ooomon  to 
both*    It  has  been  necessary,  therefore,  to  use  converted  strengths  of 
608  yam  in  the  282  instances  where  such  were  not  available*    Diese  eon* 
verted  strengths  were  based  on  the  highest  count  of  yarn  spun,  namely, 
508,  44s  or  36s,  as  ihe  case  may  have  been,  using  the  formula  developed 
in  our  laboratories •  9/ 


Ihe  strength  of  ihe  60b  yam  spun  from  the  102  cottons  ranged 
from  17*2  to  43*0  pounds  per  skein  and  averaged  28*22  pounds*    For  the 
entire  series  of  384  cottons,  however,  where  both  converted  and  actual 
values  were  involved,  the  yam  strength  ranged  from  6*0  to  43*0  pounds 
per  skein  with  an  average  of  22*89  pounds*    The  strength  of  the  608  yarn 
actually  spun  emd  tested,  therefore,  averaged  5*33  pounds  per  skein  more 
than  did  that  for  the  entire  series  when  both  converted  and  aotual  values 
were  included* 

In  general  mill  practice,  the  range  of  skein  strengths  for  608 
yam  is  usually  less  than  that  obtained  with  the  series  of  cottons  here 
considered,  for  the  reasons  previously  stated  in  connection  with  22«  and 
60s  yams*    The  average  level  of  the  strength  of  such  60s  yam  from  com* 
mercial  manufacture  probably  would  approximate  30*0  pounds  per  skein* 
Thus,  the  mean  value  obtained  for  the  entire  series  of  cottons  used  in 
this  study,  including  both  actual  and  converted  strength  values  for  608 
yam  is  substantially  less  than  that  associated  with  commercial  yams  of 
this  type  and  count.    However,  the  mean  strength  of  the  608  yarn  actually 
spun  from  the  102  cottons,  which  were  long  enough  to  be  spun  satisfactorily 
into  this  count  of  yarn,  is  in  general  line  with  the  average  strength  of 
608  yarn  produced  in  commercial  manufacture* 


An  effort  has  been  made  in  this  report  to  present  and  interpret 
the  results  in  such  a  way  that  those  who  are  not  familiar  with  suoh 
statistical    methods  and  values  may  be  able  to  understand  the  equations, 
findings,  and  discussion*    Effort  also  has  been  made  to  emphasise  the 
limitations  of  the  various  methods  and  measures  that  have  been  applied 
no  less  than  their  possibilities* 


ANALYSES  OF  DATA 


9/  See  footnote  s/,  page  10 


A  knonrledgo  of  th«  Tariout  ttatlttioal  tanis  and  measures  used 
in  the  present  studies  Is  desirable «  although  not  necessary  for  a 
general  xmder standing  of  this  presentation.    For  oonvenienoe  and  ready 
reference,  however,  brief  descriptions  of  the  more  pertinent  and  important 
items  are  given  in  the  Appendix* 

For  complete  description  of  the  methods,  terms,  symbols,  and 
measures  employed  in  these  analyses,  reference  may  be  had  to  one  or  more 
of  the  generally  available  statistical  texts,  such  as  those  listed  in 
the  Appendix* 

CORREUTIOH  BETWEEN  VARIOUS  PAIRS  OF  FIBER  PROPERHBS 

Although  the  principal  purpose  of  the  present  paper  is  to  study 
the  contribution  and  importance  of  various  fiber  properties  toiwirds  the 
strength  of  22s  and  608  yarn,  some  of  the  correlations  are  influenced  by 
certain  fiber  properties  being  correlated  with  each  other*   A  study  has, 
therefore,  first  been  made  of  the  simple  correlations  between  all  possible 
pairs  of  6  of  the  fiber  properties  considered,  or  a  total  of  15  combina- 
tions • 

Simple  correlations ♦    The  results  presented  in  table  2  show  that, 
with  this  group  of  cottons,  the  highest  simple  correlation  occurs  be- 
tween grade  of  cotton  and  the  coefficient  of  length  variability,  followed 
in  order  by  the  other  pairs  of  fiber  properties  Hated*   A  correlation 
coefficient  above  0*60  is  oonsidered  significant  and  below  0*60  of  little 
or  no  sigaifioance*    On  "^is  basis,  it  would  appear  that  the  first  8  of 
the  correlations  are  significant  and  that  the  remaining  12  are  of  little 
or  negligible  sigaifioance* 

In  general,  the  simple  correlation  coefficients  are  too  low  and 
the  standard  errors  of  estimate  are  too  large  to  conclude  that  any  one 
of  the  measured  fiber  properties  is  closely  associated  with  any  other 
fiber  property,  or  that  one  may  estimate  very  accurately  the  magnitude  of 
a  fiber  property  by  measuring  another  one*    However,  the  associations  are 
of  particular  interest  to  cotton  breeders  nho  wish  to  know  whether  an 
improvement  in  one  fiber  property  is  likely  to  be  accompanied  by  an  im- 
provement or  a  deterioration  in  some  other  fiber  property* 

Scatter  diagrams  representing  the  data  for  each  of  the  15  pairs  of 
fiber  properties  reveal  a  wide  scatter  for  all  the  pairs  and  indicate  a 
linear  trend  in  every  instance*    No  suggestion  of  a  curvilinear  relation- 
ship has  been  observed  with  any  of  the  pairs  of  fiber  properties  studied* 

Partial  correlations,.    Simple  correlations  between  cotton  fiber 
properties  are  affected  soaaewhat  by  the  fact  that  several  fiber  proper- 
ties generally  are  correlated  with  or  interacting  upon  each  other,  Ihus, 
the  coefficients  of  simple  correlation  should  be  looked  upon,  in  this 
instance^  as  referring  more  particularly  to  the  apparent  relationships 
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existing  between  the  various  pairs  of  fiber  properties  rather  than  to 
the  true  relationships  occurring  betireen  them«    Although  the  coeffioients 
of  simple  correlation  reported  possess  limitations,  they  are  of  interest 
in  that  they  suggest  what  to  expect  when  any  2  of  the  fiber  properties 
are  considered  alone ,  and  how  misleading  they  can  be  when  the  effects  of 
the  interrelated  and  interacting  fiber  properties  are  disregarded. 

In  order  to  determine  the  true  correlation  between  each  pair  of 
the  6  fiber  properties  considered,  that  is,  the  relationship  after  elimi* 
nating  the  effect  of  all  other  measured  fiber  properties,  the  partial 
correlation  coefficients  have  been  determined*    The  findings  obtained  are 
shonm  in  table  5,  the  15  pairs  of  fiber  properties  being  listed  in  the 
order  of  their  descending  coefficients  of  partial  correlation* 

Several  interesting  facts  are  revealed  by  the  partial  correlation 
coefficients*    In  the  light  of  the  standard  errors,  it  would  appear  that 
10  pairs  of  the  fiber  properties  are  significantly  correlated  whereas 
5  of  the  pairs  possess  little  or  no  correlation*    Upper  quartile  length 
and  fiber  weight  per  inch  show  the  highest  degree  of  correlation  and  the 
next  9  pairs  of  fiber  properties  showing  significant  correlation  are 
ranked  in  order  as  follows  s    Fiber  weight  fineness  with  percent  of  mature 
fibers,  grade  of  cotton  with  coefficient  of  length  variability,  fineness 
with  tensile  strength,  upper  quartile  length  with  percent  of  mature 
fibers,  coefficient  of  length  variability  with  percent  of  mature  fibers, 
upper  quartile  length  with  fiber  strength,  grade  of  cotton  with  upper 
quartile  length,  grade  of  cotton  with  weight  per  inch,  and  grade  of  cotton 
with  percent  of  mature  fibers. 

It  should  be  noted  that  the  partial  correlation  between  upper 
quartile  length  and  fiber  fineness  is  the  highest  shown  by  the  15  pairs 
of  fiber  properties  considered,  whereas  the  simple  correlation  for  this 
pair  of  fiber  properties  ranks  third.    Other  sig;Dlficant  changes  may  be 
noted  as  follows t    Upper  quartile  length  with  percent  of  mature  fibers 
now  ranks  fifth,  as  oompared  with  its  former  rank  of  fourteenth;  upper 
quartile  length  wllii  fiber  strength  is  now  seventh,  as  oompared  with  its 
former  twelfth  position!  grade  of  cotton  with  percent  of  mature  fibers 
is  now  tenth,  as  oompared  with  its  former  seventh  position;  ooeffieient 
of  length  variability  with  weight  per  inch  is  now  eleventh,  whereas 
formerly  it  was  sixth;  and  percent  of  mature  fibers  with  fiber  strength 
is  now  fifteenth,  whereas  formerly  It  was  eighth* 

Hie  foregoing  gives  evidence  of  the  necessity  for  exercising 
extreme  caution  when  attempting  to  draw  conclusions  with  respect  to  rela« 
tionships  between  cotton  fiber  properties  on  the  basis  of  simple  coeffi- 
cients of  correlation,  when  standing  by  themselves • 

MULTIPLE  LINEAR  CORRELATION  BETWEEN  YARN  SKEIN  STRENGTH 
AND  VARIOUS  COMBINATIONS  OP  FIBER  PROPERTIES 

One  of  the  items  of  particular  interest  and  importance  to  be  re-«^ 
vealed  by  correlation  analyses  in  studies  of  cotton  quality  is  that  of 
the  quantitative  relation  of  various  fiber  properties,  acting  separately 
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and  in  oomblnatlon,  to  the  strength  of  the  yam*    Such  correlation 
analyses  provide  various  statistical  measures.    Of  these  statistical 
measures,  the  regression  coefficients ,  together  with  a  constant  term, 
furnish  equations  from  which  estimated  yam  strengths  may  be  obtained 
when  the  magnitude  of  the  various  fiber  properties  are  known*    Some  of 
these  equations  furnish  estimates  that  are  more  precise  than  others,  as 
indicated  by  the  magnitude  of  the  standard  errors.    The  latter  vary 
according  to  the  number  cmd  nature  of  the  fiber  properties  involved,  that 
is,  the  smaller  the  magnitude  of  the  standard  error^  the  closer  is  the 
estimated  yam  strength  to  the  actual. 

In  connection  with  fiber-^rn  relationships,  the  results  from 
analyses  made  to  date  indicate  that  the  closest  and  best  estimates  of  the 
skein  strength  of  both  22s  and  60s  carded  yam  are  obtained  by  measuring 
6  fiber  properties  and  substituting  these  values  in  the  appropriate  re- 
gression equation*    Such  a  procedure  should  be  used  if  the  highest  degree 
of  precision  is  desired*    However,  some  of  the  fiber  properties  are  not 
so  important  as  others  with  respect  to  strength  of  yam  and  frequently 
the  cost  of  making  all  6  fiber  tests  Is  prohibitive.    Too,  in  many  oases, 
only  a  general  idea  of  the  estimated  yam  strength  is  needed*    For  these 
reasons,  therefore,  it  is  desirable  to  know  what  and  how  many  fiber-prop* 
erty  tests  may  be  omitted  from  those  here  included  and,  at  the  same  time, 
still  give  sufficient  data  for  estimating  or  predicting  yam  strength 
with  practical  satisfaction,  the  degree  of  which  varies  for  different 
purposes  * 

The  multiple  regression  equations  that  have  been  developed,  repre- 
senting six  fiber  properties,  will  be  considered  first,  followed  in  order 
by  the  equations  representing  certain  combinations  of  five,  four,  three, 
and  two  fiber  properties*    These  equations  are  listed  in  table  4,  and  are 
ranked  according  to  their  decreasing  coefficients  of  correlation  and  in- 
creasing standard  errors  of  estimate*    The  coefficients  of  determination 
also  are  shown  in  the  tabulation  as  well  as  the  standard  errors  associated 
with  the  different  coefficients* 

(22s  Yam) 

Six  fiber  properties  *   A  multiple  regression  equation  has  been 
derived  by  correlating  the  strength  of  22s  carded  yarn  with  the  six  fiber 
properties  of  grade,  upper  quartile  length,  coefficient  of  length  varia- 
bility, fineness  in  micrograms  per  inch,  percent  of  mature  fibers,  and 
fiber  tensile  strength*    A  corresponding  regression  equation  has  been 
developed  for  the  same  fiber  properties,  except  that  mean  fiber  length 
has  been  substituted  for  \ipper  quartile  length* 

Referring  to  equations  (1)  and  (2),  as  shown  in  table  4,  it  is 
interesting  to  note  the  very  close  agreement  between  the  two*    Aside  from 
the  constant  term,  the  widest  difference  appears  to  be  between  the  coeffi- 
cients of  X2        ^11*  namely,  of  upper  quartile  length  and  mean  length* 
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Thi«  diff«r#noe  it  logioal  and  explainable,  however,  by  the  faot  that 
the  mean  longth  of  a  sample  is  generally  about  15  to  25  percent  shorter 
than  its  upper  quartile  length •    It  should  be  noted  that  the  two  equations 
possess  reliability  of  praotioally  the  same  high  order,  the  standard  error 
of  estimate  (S)  being  only  ♦  5 .36  pounds  in  the  oase  of  equation  (1) 
where  mean  length  was  used  and  *  5*42  pounds  in  the  oase  of  equation  (2) 
with  upper  quartile  length. 

Briefly,  the  values  listed  for  the  standard  errors  of  estimate 
mean  that,  by  using  equation  (1),  two-thirds  of  the  estimated  values  for 
strength  of  22s  yam  would,  on  the  average,  fall  within  4-  5.36  pounds  of 
the  actual  yam  strength.    Or  by  using  equation  (2),  two'-thirds  of  the 
estimated  values  would  be  expected  to  oocur  within  ^  5*42  pounds  of  the 
actual. 

The  coefficient  of  multiple  linear  correlation  (R)  derived  fron 
using  the  six  fiber  properties  in  equation  (1)  is  0.936  ^  0.006.  This 
correlation  is  considered  relatively  hi^,  since  perhaps^^not  all  the  fiber 
properties  involved  in  yam  strength  have  been  included  in  this  study  and 
since  some  errors  of  sampling  and  measurement  are  unavoidable  even  with 
the  best  techniques  available  for  the  measurement  of  each  and  every  fiber 
and  yam  property  considered.    Squaring  the  figure  for  the  coefficient  of 
correlation,  a  figure  of  0.873  i«  obtained  for  the  coefficient  of  determi* 
nation  (R^)«    This  indicates  that  87  percent  of  the  variance  in  the  yam 
strength  of  these  cottons  is  accounted  for  by  the  6  fiber  properties  used 
in  the  analysis,  a  fact  which  seems  highly  significant* 

Referring  to  equation  (2),  where  the  values  for  upper  quartile 
length  are  used  instead  of  mean  length  as  in  equation  (1),  R  m  0.933  ♦  0.007 
eoid  R^  is  computed  as  0.871.    Thus,  37  percent  of  the  variance  in  yam 
strength  is  explainable  by  the  6  fiber  properties  considered  when  upper 
quartile  length  was  used,  or  the  same  amount  as  i^en  mean  length  was  used. 

Five  fiber  properties.    Correlation  between  8  combinations  of  5 
fiber  properties  and  strength  of  22s  yam  give  interesting  results.  The 
equations  aire  base^  on  direct  multiple  correlation  between  the  variables 
involved  and  are  shown  in  table  4,  as  equations  (3),  (4),  (6),  (6),  (7), 
(8),  (9),  and  (10). 

Comparing  equations  (3)  with  equation  (2),  listed  under  six  fiber 
properties,  it  is  seen  that  the  ooiiision  of  the  percentage  of  mature 
fibers  from  the  analysis  causes  an  increase  in  the  standard  error  of 
estimate  of  only  •*>  0.13  pounds,  the  respective  standeurd  errors  being 
•f  5.55  and  >  5.42T   This  indicates  that,  insofar  as  the  effect  of  the  per* 
oentage  of  mature  fibers  on  the  strength  of  22s  yam  is  concerned,  this 
fiber  property  is  of  little  or  no  iiqportanoe;  that  is,  it  is  unimportant 
within  the  range  of  values  obtained  for  this  series  of  cottons  by  the 
method  of  test  employed.    The  findings  also  suggest  that  it  is  not  neoea* 
sary  to   make  the  test  for  the  peroentaige  of  mature  fibers  unless  the 
effect  of  this  property  on  other  manufacturing  properties,  such  as  yam 


appoaranoe^  waste,  or  spinnablllty  of  the  cotton,  is  desired •  Similar 
comparisons  can  be  made  of  all  other  equations,  and  respective  conclu* 
8 ions  reached* 

The  foregoing  studies,  nhere  each  of  the  6  fiber  properties  are 
omitted  in  turn,  reveal  in  a  practical  way  the  importance  of  the  various 
fiber  properties.    In  judging  the  importance  of  each  fiber  property  by 
the  increased  standard  error  that  results  when  each  is  omitted,  fiber 
strength  is  first  in  importance.    This  is  followed  in  order  by  coeffi- 
cient of  variability  of  length,  upper  quartile  lengthy  fineness,  grade 
of  cotton,  and  percentage  of  mature  fibers.    The  effect  of  fiber  strength 
appears  ta  be  even  greater  than  the  combined  effect  of  upper  quartile 
length  and  coefficient  of  length  variability,  as  is  revealed  when  both 
of  these  fiber  properties  are  omitted.    Specifically,  when  fiber  strength 
alone  is  omitted,  the  standard  error  increases  by  ♦  2.73  pounds  and  when 
both  upper  quartile  length  and  coefficient  of  leng"^  variability  are 
omitted,  the  standard  error  increases  by  ^  2.39  pounds. 

Four  fiber  properties.    Correlation  between  5  different  oombina'* 
tions  of  4  fiber  properties  and  strength  of  228  yam  have  given  equations 
(11),  (U),  and  (13),  as  shown  in  table  4. 

In  equation  (11),  the  grade  of  the  cotton  and  the  percentage  of 
mature  fibers  have  been  omitted  as  independent  variables.    The  standard 
error  of  estimate  is     6.85,  which  differs  from  that  for  the  six-fiber- 
proporty  equation  (2)  by  only  ♦  0.45  pound,  l^e  standard  error  for  tiie 
equation  with  the  6  fiber  properties  being     5.42.    Thus,  almost  as  high 
a  precision  was  obtained  in  estimating  the  strength  of  22s  yam  from  the 
4  fiber  properties  of  upper  quartile  length,  coefficient  of  length  varia- 
bility, fineness,  and  strength  as  was  obtained  with  the  6  fiber  properties 

The  conclusion  referred  to  above  is  confirmed  by  the  statistical 
measures  obtained  with  the  six-fiber  and  four-fiber  property  equations, 
respectively,  as  follows:    R  a  0.933  and  0.922 i       s  0.871  and  0.849.  In 
other  words,  87  percent  of  the  variation  in  yam  strength  is  explainable 
on  the  basis  of  the  6  fiber  properties  measured,  whereas  86  percent  of 
the  yam-strength  variation  is  accounted  for  by  the  4  fiber  properties 
mentioned.    These  are  very  significant  findings,  since  a  difference  of 
only  2  percent  is  small  for  matters  of  this  kind.    Hence,  if  only  the 
strength  of  22s  yarn  is  concerned  and  if  only  the  estimated  strength  of 
,22s  yam  is  desired,  apparently  very  little  is  to  be  gained  by  including 
the  factors  of  grade  and  the  percentage  of  mature  fibers. 

Three  fiber  properties.   Several  different  combinations  of  3  fiber 
properties  were  next  studied.'  Ihese  equations  are  identified  as  (14), 
(15),  and  (17)  in  table  4. 

Squation  (14)  contains  upper  quartile  length,  ooefficient  of 
length  variability 4  and  fiber  strength  and  omits  grade  of  cotton,  fine- 
ness and  percentage  of  mature  fibers.    The  omission  of  these  fiber  prop- 
erties results  in  a  standard  error  of     6.63  povinds,  as  compared  with 


5*42  pounds  for  •quatlon  (2)  where  Talues  of  all  6  fiber  properties 
lire  used*  This  is  a  differenoe  of  1*21  pounds.  For  some  purposes^ 
the  estimeute  may  be  oonsidered  suffToiently  close* 

In  equation  (15 grade  of  ootton^  ooeffioient  of  length  varia- 
bility, and  percentage  of  nature  fibers  were  omitted*    The  size  of  the 
standard  error  of  estimate  by  this  equation  indicates  a  considerable  loss 
in  precision,  as  only  68  percent  of  the  yam  strength  is  accounted  for  on 
the  basis  of  the  S  fiber  properties  oonsidered,  namely,  upper  quartile 
length,  fineness,  and  strength.   Most  of  this  disparity  is  attributable 
to  omitting  coefficient  of  length  Tariability  from  the  equation* 

In  an  equatirai  not  listed  in  table  4,  the  same  fiber  properties 
as  in  equation  (15)  were  usedj  however,  in  this  instance,  tiie  products 
of  the  upper  quartile  lengths  and  fiber  strengths  were  divided  by  fine- 
ness*   Die  quotients  so  obtained  were  used  as  a  single  independent 
variable  and  correlated  witii  the  strength  of  22s  yam*    It  wm  thought 
that  this  procedure  might  furnish  an  equation  that  would  give  a  better 
fit  to  the  data  than  linear  correlation.    However,  the  standard  error  of 
estimate  by  this  "product-division"  equation  is  greater  than  that  for 
equation  (15)  which  includes  the  same  fiber  properties  correlated  by 
linear  correlation  me-Uiodsj  or  54  percent  of  the  yam-strength  variability 
is  accounted  for  in  the  "product-division"  equation,  as  compared  with 
68  percent  in  equation  (15).   Apparently,  the  explanation  for  these  dis- 
parities lies  in  the  fact  that  length  and  fineness  are  correlated,  or 
that  the  relationship  assumed  in  the  equation  is  not  applicable*    In  any 
event,  nothing  was  gained  by  using  the  fiber  properties  in  this  form  of 
an  equation* 

Two  fiber  properties*    Bic;ht  equations  were  derived  involving  2 
fiber  properties*    Six  of  these  are  listed  in  table  4  as  equations  (18), 
(21),  (22),  (23),  (24),  and  (25)* 

Equation  (18)  involves  the  fiber  properties  of  mean  length  and 
fiber  strength,  derived  direotly  from  multiple  correlation  analysis, 
i^ereas  the  unlieted  equation  (19)  was  derived  by  simple  correlation 
analysis  in  which  liie  products  of  these  2  fiber  properties  were  used  as 
the  independent  variable*    The  latter  method  was  tried  out  since  it  was 
thought  possible  that,  by  doing  so,  a  higher  correlation  aoid  a  lower 
standard  error  might  result*    However,  on  a  basis  of  the  standard  errors, 
nothing  was  gained  by  this  method,    ^is  conclusion  is  oonfix*med  by 
similar  results  obtained  frcsn  a  pair  of  equations  where  upper  quartile 
length  replaces  mean  length  in  both  cases  *    The  R  and       values  for  the 
respective  pairs  of  equations,  also,  are  essentially  identical* 

Considering  the  above  equations  from  '^e  standpoint  of  their  merits 
and  skipping  the  equations  which  involve  products  of  certain  fiber  prop- 
erties, the  following  conclusions  may  be  drawn:    Equation  (18),  involving 
inean  length  and  fiber  strength,  results  in  a  standard  error  of  ♦  7.49 
pounds  as  compared  with     5.56  pounds  for  the  equation  (1)  with"~the  6 
fiber  properties,  or  a  dTfferenoe  of  only     2.15  pounds.    It  "^us  appears 


) 
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tha-b,  for  some  purposes,  mean  length  and  fiber  strength  would  be  th« 
only  fiber  properties  necessary  to  measure,  if  only  the  estimated  strength 
of  228  yarn  is  desired  within  the  limits  indicated.    The  R  smd  values 
of  this  analysis  are  0.868  and  0,754,  respectively,  the  latter  value  in- 
dicating that  75  percent  of  the  yarn  strength  vari€moe  is  accounted  for 
by  only  two  fiber  properties,  namely,  mean  length  and  strength. 

Equation  (25)  is  of  particular  interest  since  it  was  derived  on 
the  basis  of  grade  and  staple  length,  2  nonlaboratory  measurements  for 
which  official  cotton  standards  are  available.    Using  these  2  measures, 
the  results  show  that  the  strength  of  22s  yarn  can  be  estimated  in  two* 
thirds  of  the  oases  on  the  average  within  ♦  11.67  pounds  or  ♦  12  percent 
of  the  mean  yam  strength.    Ttiis  estimate  "compares  with  ^  11*757  pounds 
with  equation  (24)  where  upper  quartile  length  replaces  staple  length. 
Ihus,  on  a  basis  of  grade  and  staple  length,  40  percent  of  the  yam 
strenglii  variance  is  accounted  for  whereas,  in  the  case  of  grade  and 
upper  quartile  length,  41  percent  is  explainable.    This  comparison  is 
based  on  the  R^  values  for  the  respective  equations. 

The  findings  in  reference  to  grade  and  staple  length  probably 
possess  even  more  significance  in  actual  mill  practice  than  would  appear 
at  face  value,  because  of  the  fact  that  it  is  customary  for  the  manage* 
ment  of  individual  mills  to  select  their  cottons  within  relatively  narrow 
ranges  of  grade  and  staple  length,  in  many  cases  from  one-variety  er 
organized  cotton  communities,  and  always  to  mix  a  number  of  bales  for 
each  run  or  blend  of  cotton.    By  this  procedure,  the  law  of  averages 
enters  into  the  matter  from  the  standpoint  not  only  of  grade  and  staple 
length  but  also  of  other  accompanying  fiber  properties.    It  is  reasonable 
to  expect,  therefore,  that  the  range  and  frequency  of  fluctuations  would 
be  reduced  and  that  the  estimated  and  actual  yam  strength  values  would 
show  better  agreement  in  the  case  of  cotton  mixes  than  of  individual 
cottons . 

(608  Yam) 

Six  fiber  properties ,    As  was  done  in  the  case  of  228  yarn,  a 
multiple  regression  equation  has  been  developed  by  correlating  the  strength 
of  608  carded  yarn  with  the  six  properties  of  grade,  upper  quartile  length, 
coefficient  of  length  variability,  fiber  fineness,  percentage  of  mature 
fibers,  and  fiber  tensile  strength,    A  corresponding  regression  equation 
has  been  developed,  except  that  mean  fiber  length  has  been  substituted 
for  upper  quartile  length. 

Ihe  2  six-fiber  property  equations  (35)  and  (36),  as  well  as  those 
involving  fewer  fiber  properties,  are  ranked  in  table  5  according  to 
their  decreasing  coefficients  of  correlation  and  increasing  standard 
errors  of  estimate.    The  coefficients  of  determination  and  the  standard 
errors  associated  with  the  two  sets  of  coefficients  also  are  shown  in  the 
tabulation . 
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Equations  (55)  and  (36)  differ  from  aaoh  other  mainly  in  th« 
regression  ooeffioient  of  the  lexigth  factors  and  in  the  constant  term, 
^s  explained  for  228  yam*    The  standard  errors  of  these  equations  are 
4>  2*09  and  •••  2,12  pounds  ivhioh  are  considerably  less  than  the  eorrespond- 
ing  ones  obtained  in  connection  with  22s  yam,  namely,  ♦  5*36  and  •»>  5  •42* 
Eoirever,  on  a  relative  basis,  the  standard  errors  for  l^e  estimated^ 
strength  of  60s  yam  are  considerably  greater  than  those  found  for  22s 
yam,  the  respeotire  figures  being  9,2  percent  and  5 .6  percent  based  on 
the  respectire  means* 

The  coefficient  of  multiple  linear  correlation  (R)  derived  from 
correlating  the  6  fiber  properties  with  yam  strength,  equation  (35),  is 
0*937  *  0.006.    niis  correlation  is  considered  relatively  hig^  and  com- 
pares with  a  value  of  0*935  where  the  same  fiber  properties  were  corre- 
lated with  strength  of  228  yam*    By  squaring  the  coefficient  of  correla- 
tion, a  figure  of  0;87B  is  obtained  for  the  coefficient  of  determination, 
(R^)*    This  indicates  that  88  peroent  of  the  variance  in  the  strength  of 
60s  yam  associated  with  this  series  of  cottons  is  accounted  for  by  the 
6  fiber  properties  used  in  the  analysis*    This  is,  in  round  nxmbers^ 
1  peroent  hi^er  than  that  found  when  22s  yam  strength  was  used* 

Referring  to  equation  (86),  i^ere  the  value  of  upper  quartile 
length  was  used  instead  of  mean  length,  R  a  0*936  ^  0*006,  and  R^  calcu- 
lates to  be  0*875*    Thus,  when  upper  quartile  leng^  was  used,  88  peroent 
of  the  yam-strength  variance  is  explainable  by  the  six  fiber  properties 
considered*    These  results  are  almost  identical  with  corresponding  ones 
obtained  for  22s  yam« 

Five  fiber  properties.    Correlation  between  8  different  combina- 
tions of  5  f^i'ber  properties  and  strength  of  60s  yam  have  given  results 
in  general  line  with  those  obtained  with  22s  yam*    The  equations  are 
based  on  direct  multiple  correlation  between  the  variables  involved  and 
are  listed  in  table  5  as  equations  (37),  (56),  (59),  (40),  (41),  (42), 
(48),  and  (44)*    Comparing  the  respective  standard  errors  of  estimate  of 
equations  (S7)  and  (58)  with  that  for  equation  (36),  it  appears  that^ 
insofar  as  the  effect  of  grade  and  percentage  of  mature  fibers  on  Idie 
strength  of  608  yam  is  conoemed,  these  2  fiber  properties  are  of  little 
or  no  importance* 

Comparison  of  the  other  equations  and  statistical  values  may  be 
made  in  relation  to  the  effect  of  the  separate  fiber  properties  on  the 
strength  of  60s  yam,  as  was  done  with  the  22s  yam*    In  both  cases ^  the 
findings  are  very  similar* 

Four  fiber  properties*    Correlation  between  3  different  combina- 
tions of  4  fiber  properties  and  strength  of  60s  yam  have  been  determined, 
as  shewn  by  equations  (45),  (46),  and  (47)  in  table  5* 
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In  equation  (45),  where  the  grade  and  percentage  of  mature  fibers 
have  been  emitted,  the  standard  error  of  estimate  is     2 .SS  as  compared 
with  4-  2.12  when  all  6  fiber  properties  are  used.    Expressed  in  another 
way,  "§"5  percent  of  the  yarn-strength  variance  is  accounted  for  by  the 
4  fiber  properties  mentioned  in  comparison  with  88  percent  for  all  6 
fiber  properties.    Thus,  almost  as  high  a  precision  is  obtained  with 
this  four -fiber -property  equation  as  is  obtained  with  the  six-fiber  prop- 
erty equation.    Insofar  as  the  estimated  strengths  of  SOs  yam  are  con- 
cerned, therefore,  the  combined  effect  of  grade  and  percentage  of  mature 
fibers  is  relatively  unimportant;  this  was  found  to  be  the  case  witl-i 
228  yarn  also. 

Three  fiber  properties  were  next  studied  and  the  equations  de- 
veloped  are  listed  as  (48},  (49),  and  (60)  in  table  5, 

Equation  (48)  includes  the  3  fiber  properties  of  upper  quartile 
length,  coefficient  of  length  variability  and  fiber  strength  and  requires 
the  making  of  only  2  kinds  of  laboratory  tests.    This  equation  gives 
estimated  strengths  of  60s  yarn  that  would  be  considered  almost  as  good 
as  those  when  all  6  fiber  properties  are  involved  as  in  equation  (36), 
the  respective  standard  errors  being     2.77  and  ♦  2.12,    The  coefficients 
of  determination  for  these  equations  are  0.787  and  0.875,  respectively, 
which  indicate  that,  when  only  these  3  fiber  properties  involving  2  kinds 
of  tests  are  .used,  79  percent  of  the  variance  in  yam  strength  is 
accounted  for,  as  compared  with  88  percent  when  all  6  fiber  properties 
are  used.    The  standard  errors  of  equations  (49)  and  (50),  however,  are 
too  large  for  much  confidence  to  be  placed  upon  any  estimates  so  obtained. 

Two  fiber  properties .    Six  equations  have  been  developed  with 
respect  to  2  fiber  properties  and  these  are  listed  in  table  5  as  (51), 
(52),  (53),  (54),  (55),  and  (56). 

The  only  equation  involving  2  fiber  properties  that  possesses  merit 
for  estimating  the  strength  of  60s  yam  is  (51),  involving  mean  length 
and  fiber  strength.    The  others  have  standard  errors  too  high  to  justify 
the  placing  of  much  reliance  upon  estimates  furnished  by  them. 

Equation  (55)  is  of  interest  in  that  the  2  properties  involved  are 
grade  of  cotton  and  its  staple  length,  both  of  which  may  be  ascertained 
in  a  few  minutes  by  expert  cotton  classers  in  contrast  witli  the  several 
hours  required  for  the  laboratory  measurement  of  length  by  the  sorter 
method.    The  standard  error  of  this  equation  is  ♦  4.22,  as  compared  with 
♦  4,13  for  equation  (54)  where  upper  quartile  length  replaces  staple 
Tength,    In  the  light  of  the  respective       values,  60  percent  of  the  608 
yam-strength  variemoe  is  accounted  for  by  grade  and  staple  length, 
whereas,  in  the  case  of  grade  and  upper  quartile  length,  53  percent  is 
explainable ,    The  results  obtained  with  grade  and  staple  length  probably 
possess  somewhat  greater  significance  in  application  to  cotton  mixes 
employed  in  mill  practice  than  to  individual  cottons,  as  explained  in 
connection  with  the  22s  yarn. 
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SIMPLE  CORREIATION  BEmEEN  SEPARATE  FIBER  PROPERTIES 
AND  SKEIN  STRENGTH  OF  22s  AND  OF  608  YARNS 

It  is  commonly  believed  by  iMiny  that  eome  one  cotton  fiber  prop- 
erty is  primarily  responsible  for  yam  s'trength  and  that  yarn  strength 
can  be  estimated  or  predicted,  for  all  practical  intent  and  purpose, 
from  a  determination  of  only  one  fiber  property.    The  separate  proper- 
ties most  generally  thought  of,  in  this  connection,  are  fiber  length, 
strength,  fineness,  and  grade • 

Simple  correlation  analyses  have  been  made  with  each  of  -the  eight 
fiber  properties  and  yarn  strength,  the  results  of  which  generally  indi- 
cate relatively  low  or  poor  correlation.    The  results  obtained  refer  not 
to  the  true  effect  and  importance  of  a  particular  fiber  property  in  terms 
of  yarn  strength  but  rather  to  its  apparent  effect  or  importance.  Ihat 
is,  because  of  the  interrelations  that  exist  between  certain  fiber  prop- 
erties as  previously  shown,  when  the  effects  of  such  are  disregarded, 
results  are  obtained  that  are  inaccurate  and  that  may  be  misleading  as 
regards  the  real  contribution  that  a  particular  fiber  property  makes  to 
yarn  strength  and  the  relative  importance  that  should  be  attached  t#  it 
in  that  respect. 

Moreover,  to  the  extent  that  fiber  properties  are  correlated, 
when  the  effect  of  only  one  of  them  at  a  time  is  evaluated  in  relation 
to  yarn  strength,  a  greater  or  less  degree  of  importance  is  found  for  the 
one  under  consideration  ttian  actually  exists  for  it.    For  example,  cotton 
fiber  length  and  fineness  are  correlated  to  a  significant  degree  (gener- 
ally speaking,  the  longer  the  fiber  the  finer  the  fiber)  and  both  fiber 
length  and  fineness  contribute  appreciably  to  the  strength  of  cotton 
yarns.    However,  when  fiber  fineness  is  excluded  from  consideration  and 
only  fiber  length  is  used  in  a  simple  correlation  analysis,  the  correla- 
tion coefficient  for  the  effect  of  fiber  length  on  yam  strength  increases 
significantly  because  it  involves  not  the  effect  of  fiber  length  alone 
but,  also,  the  effect  of  fineness  to  the  extent  that  this  fiber  property 
is  correlated  with  fiber  length.    On  the  other  hand,  if  fiber  length  is 
ignored  and  only  fiber  fineness  is  included  in  the  simple  correlation 
analysis,  the  correlation  coefficient  for  fiber  fineness  and  yarn  strength 
becomes  unduly  high,    A  somewhat  similar  situation  exists  with  respect  to 
other  pairs  of  fiber  properties , 

Therefore,  since  certain  of  the  cotton  fiber  properties  are  corre- 
lated, it  is  always  problematical  as  to  how  much  reliance  can  be  placed 
on  the  simple  correlation  coefficients  as  indicators  of  the  true  im- 
portance of  the  respective  fiber  properties  in  terms  of  yarn  strength. 
Such  values,  however,  possess  interest  from  two  standpoints:     (1)  From 
the  standpoint  of  what  is  the  "apparent"  relation  between  yarn  strength 
and  each  fiber  property  when  only  one  at  a  time  is  considered  and  (2) 
from  the  standpoint  of  how  much  in  error  conclusions  based  on  simple  corre 
lation  may  be  in  determining  the  "true"  importance  of  a  separate  fiber 
property  to  yarn  strength,  if  the  effects  of  other  associated  fiber  prop- 
erties are  not  removed. 
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Ihe  statistical  findings  and  equations  for  the  separate  fiber 
properties  in  relation  to  the  strength  of  228  yarn  are  shown  in  table 
4.    Ihey  are  identified  as  equations  (26),  (27),  (28),  (29),  (30),  (31), 
(32),  and  (33).    Equation  (34)  in  this  table  shows  the  mean  yam  strength 
of  the  384  obserrations  of  22s  yam,  followed  by  its  standard  error  of  a 
single  observation . 

Corresponding  results  and  equations  for  the  separate  fiber  proper- 
ties as  related  to  the  strength  of  60s  yarn  are  listed  in  table  5«  These 
are  identified  as  equations  (57),  (68),  (59),  (60),  (61),  (62),  (63),  and 
(64).    Equation  (65)  refers  to  the  mean  yarn  strength  of  608  yarn  for 
this  series  of  cottons,  together  with  its  standard  error  of  a  single  ob- 
servation. 

The  results  from  these  simple  correlation  analyses  indicate  rela- 
tively low  or  poor  correlation  between  the  skein  strength  of  these  two 
counts  of  yarn  and  any  one  of  the  separate  fiber  properties  considered. 
With'^both  22s  and  608  carded  yam,  the  highest  coefficient  of  simple  cor- 
relation was  obtained  with  mean  fiber  length  and  the  lowest  with  percent- 
age of  mature  fibers.    The  respective  figures  are  +  0,645  «md  -  0.147  for 
228  yarn  and  +  0.730  and  -  0.209  for  60s  yarn.    Thus,  these  statistical 
values  are  a  little  higher  for  60s  yam  than  for  228 . 

Grade  and  coefficient  of  length  variability  also  maintained  their 
same  order  of  rank  in  the  case  of  both  22s  and  60s  yarn,  namely,  the 
sixth  and  seventh  positions,  respectively.    However,  when  the  rank  based 
on  simple  correlation  for  the  other  four  fiber  properties  is  considered, 
fiber  strength  dropped  from  the  second  position  in  the  case  of  22s  yam 
to  the  fifth  position  with  608  yarnj  and  upper  quartile  length,  staple 
length,  and  fineness  each  moved  up  one  position  in  the  case  of  60s  yarn, 
as  compared  with  their  positions  with  22s  yarn. 

The  foregoing  comparisons  are  better  revealed  by  the  respective 
ranks  of  the  fiber  properties  as  follows* 


Rank 

22s 

60s 

(1) 

Mean  length 

Mean  length 

(2) 

Strength 

Upper  quartile  length 

(3) 

Upper  quartile  length 

Staple  length 

(4) 

Staple  length 

Fineness 

(6) 

Fineness 

Strength 

(6) 

Grade 

Grade 

(7) 

Coef.  of  length  var. 

Coef.  of  length  var. 

(8) 

Percentage  of  mature  fibers 

Percentage  of  mature  fibers 

The  standard  errors  of  estimate  for  the  8  separate  fiber  property 
equations  range  from 11.53  to  ^  14.92  pounds  for  22s  yarn  and  from 

4,10  to  ^  5.87  pounds  for  608  yarn.    Obviously,  these  standard  errors 
are  so  large  in  relation  to  the  mean  skein  strength  for  these  two  counts 
of  yarn  that  little  reliance  can  be  placed  upon  any  estimate  of  yarn 
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strength  if  it  is  based  on  a  separate  fiber  property.    However,  it  is  of 
interest  to  note  that  the  standard  errors  of  estimate  associated  with 
several  of  the  separate  fiber  properties  are  appreciably  less  than  the 
standard  error  of  a  single  observation  'for  the  entire  series  of  384  lots 
of  yarn,  namely,  *■  15.08  in  the  case  of  the  228  yam  and      6.00  with  60s 
yarn.    Ihese  figures  indicate  if  one  estimated  the  yarn  strength  to  be 
equal  to  that  of  the  mean  strength,  that,  in  two-thirds  of  the  oases,  he 
could  expect  his  estimate  of  the  skein  strength  of  carded  yarn  made  from 
American  Upland  cottons  of  from  S/S  inch  to  1-5/16  inch  staple  length, 
to  be  within  ♦  15.08  pounds  of  the  actual  strength  in  the  case  of  22s  yam 
and  within  +  6.00  pounds  of  the  actual  strength  in  the  case  of  SOs  yarn, 
without  the  knowledge  or  consideration  of  any  fiber  property. 

The  standard  errors  of  the  single  observations  are  of  interest, 
moreover^  in  showing  how  much  is  gained  by  estimating  the  strength  for 
the  two  counts  of  yarn  when  one  or  more  fiber  properties  are  used.  For 
example,  if  the  yam  strength  of  60s  yarn  is  arbitrarily  estimated  to  be 
22.89  po\mds,  or  the  mean  strength  of  the  series,  the  result  would  be 
expected  to  be  within     6.00  pounds  of  the  actual  figure  in  two-thirds 
of  the  cases  whereas  if  the  strength  of  608  yarn  is  estimated  from  equa- 
tion!   (57)  involving  mean  length  alone,  the  estimate  would  be  expecte^. 
to  be  within  ••■  4*10  poxmds  of  the  actual  in  two-thirds  of  the  cases.  The 
difference  in'"the  standard  errors,  ♦  1.90  pounds  per  skein,  is  the 
maximum  benefit  derived  when  the  estimate  is  based  on  only  the  one  fiber 
property  of  mean  length.    When  all  six  fiber  properties  are  used,  however, 
the  standard  error  is  reduced  from     6.00  to     2.09,  a  difference  of 
*  3 .91  pounds . 

As  previously  pointed  out,  the  rank  of  importance  of  iiie  separate 
fiber  properties  in  terms  of  yarn  strength,  as  based  on  simpl®  correla- 
tion, is  different  from  that  found  when  partial  correlation  analysis  is 
applied  to  the  data  and  is,  therefore,  misleading  to  that  extent.  Al- 
though the  results  obtained  with  the  simple  correlations  ignore  or  dis- 
regard the  effects  of  other  fiber  properties,  insofar  as  the  latter  do 
not  appear  in  the  regression  equation,  it  should  be  remembered  that  all 
pertinent  fiber  properties  exert  their  effects  on  the  actual  yarn 
strength,  even  though  not  measured  or  not  included.    Care  should  be 
exercised,  therefore,  when  attempting  to  draw  conclusions  on  the  basis 
of  simple  correlation  coefficients  alone.    The  partial  coefficients  of 
correlation  constitute  the  most  reliable  basis  for  evaluating  i^e  relative 
contribution  or  importance  of  any  separate  fiber  property  to  yam  strength, 
or  to  any  other  yarn  property,  and  it  is  these  which  should  be  compared 
if  the  most  reliable  conclusions  are  to  be  obtained  in  these  respects, 
as  will  be  presented  in  the  next  section. 

IMPORTANCE  OF  EACH  FIBER  PROPERTY  TO  YARN  SKEIN  STRENGTH 

The  importance  of  each  cotton  fiber  property  with  respect  to  yam 
strength,  as  discussed  in  the  present  section,  is  based  on  analyses  of 
the  data  from  which  the  six  fiber  property  equations  (2)  and  (36)  were 
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developed.    It  it  evident  from  the  foregoing  correlation  studies,  hoir- 
ever,  that  a  large  n\imber  of  such  equations  may  be  derived  from  the 
sane  data,  depending  upon  which  and  how  many  fiber  properties  are  taken 
into  consideration* 

There  are  a  number  of  statistical  measures  that  furnish  a  crite- 
rion for  the  determination  of  the  importance  of  the  various  fiber  prop- 
erties, such  as,  regression  coefficients,  coefficients  of  partial  corre- 
lation, beta  coefficients,  and  coefficients  of  separate  determination, 
ill  these  have  been  calculated  and  considered  in  these  studies  but  only 
the  values  for  the  first  two  mentioned  measures  are  included  in  this 
presentation.    For  the  most  part,  the  partial  correlation  coefficients, 
the  beta  coefficients,  and  the  coefficients  of  separate  determination 
are  in  general  agreement  and  support  similar  conclusions.    By  definition 
and  mathematics,  however,  the  partial  correlation  coefficients  are  con- 
sidered more  reliable  for  this  purpose  than  are  the  beta  coefficients  and 
coefficients  of  separate  determination;  hence,  the  values  for  the  latter 
two  statistical  measures  have  been  omitted  from  this  presentation. 

Regression  equations.    For  ready  reference,  the  regression  equa- 
tions for  22s  carded  yarn  are  ranked  in  table  4,  according  to  the  order 
of  decreasing  coefficients  of  correlation  and  increasing  standard  errors 
of  estimate.    The  corresponding  ranked  regression  equations  fer  608 
yam  are  shonn  in  table  5.    In  connection  with  each  equation,  the  coeffi- 
cient of  determination  is  listed  which,  when  multiplied  by  100,  reveals 
the  percentage  of  yarn-strength  variance  accounted  for  by  the  fiber  prop- 
erty or  properties  under  consideration.    The  difference  between  the  value 
so  obtained  and  100  indicates  the  percentage  of  yam-strength  variance 
which  is  unexplained  by  the  fiber  property  or  properties  included  in  & 
particular  equation. 

Regression  coefficients.    Ihe  regression  coefficients  indicate  the 
amount  of  cheuage  in  yam  strength  resulting  from  a  unit  change  in  a 
separate  fiber  property.    Although  the  magnitudes  of  the  regression  coef- 
ficients naturally  vary  with  the  units  of  measure  employed  with  each  kind 
of  test  and,  therefore,  cannot  be  used  directly  for  ranking  the  importance 
of  the  various  fiber  properties  with  respect  to  yarn  strength,  this  meas- 
ure furnishes  a  practical  and  understandable  yardstick  for  those  un- 
familiar with  statistical  methodology. 

The  values  for  the  regression  coefficients  obtained  in  connection 
with  the  six-fiber-property  equation  (2)  for  22s  yam  and  with  the  cor- 
responding equation  (56)  for  60s  yam  are  listed  in  table  6,  each  being 
followed  by  its  standard  error.    In  every  case,  the  magnitude  of  the 
standard  error  shown  is  less  than  one-third  of  the  value  for  its  regression 
coefficient,  which  indicates  that  the  ma^itude  of  the  latter  is  signifi- 
cant and  not  due  to  chance  alone. 
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(22s  Yarn) 

In  the  light  of  the  data  summarised  in  table  1 ,         fellcming  de- 
ductions of  practical  interest  may  be  made  in  connection  with  each  meas- 
ured fiber  property  towards  the  strength  of  carded  22s  yam,  assuming 
that  the  magnitudes  of  all  the  other  fiber  properties  remain  the  samet 


Lowering  the  grade  of  cotton  by  one  grade,  decreases  the 
skein  strength  of  22s  yam  by  1*89  pounds; 

An  increase  of  l/52  inch  in  upper  quartile  length,  in- 
creases the  skein  strength  of  22s  yam  by  0*99  pound; 

An  increase  of  1  percent  in  the  coefficient  of  length 
variability,  decreases  the  strength  of  22s  yarn  by  1«94  poimdsi 

An  increase  of  1  microgram  per  inch  in  fiber  weight,  de- 
creases the  strength  of  22s  yam  by  7*32  pounds  (the  coarser 
the  fiber,  the  lower  the  yam  strength); 

An  increase  of  1  percent  in  the  percentage  of  mature  fibers, 
decreases  the  strength  of  22s  yam  by  0*26  pound; 

And,  an  increase  of  1,000  pounds  per  square  inch  in  fiber 
strength,  increases  the  strength  of  228  yam  by  0.94  pound. 

The  results,  expressed  another  way  (see  table  7),  show  that  an  in- 
crease of  1  pound  in  the  skein  strength  of  22s  carded  yam  is  obtained  by 

Raising  the  grade  of  cotton  by  0*55  step;  or 

Increasing  the  upper  quartile  length  by  l/32  inch;  or 

Decreasing  the  coefficient  of  length  rariability  by 
0,52  percent;  or 

Decreasing  the  fiber  weight  per  inch  by  0.14  microgram 
(the  finer  the  fiber,  the  stronger  the  yam);  or 

Decreasing  the  percentage  of  mature  fibers  by  5 #79 
percent;  or 

Increasing  fiber  strength  by  1,060  pounds  per  square  inch* 

Data  also  are  shown  in  table  7  relative  to  the  amount  of  change  in 
each  fiber  property  required  to  produce  a  1  percent  increase  in  the  mean 
strength  of  22s  yam.    However,  since  the  mean  yam  strength  of  the 
series  is  95 •84  pounds,  such  necessary  changes  in  the  respective  fiber 
properties  are  practically  the  same  as  those  required  to  cause  a  1-pound 
increase  of  yam  strength • 


-  33  - 


O 
>» 

t 

(D 

o 
o 

•H 


0) 


Ci4  n 


0)  n 


o 


O  0) 
O  iH 


H 

•H  ^ 


o 

c 

a>  o 

^  o 

c5  o 


o 

c 
a> 

43 

CO 


e 

n 

cv 

CM 


o        ^-  o 

O  nO       O  CO 


+  + 


I  I 


f-i 


•  • 

0  o 

1  I 


H 
■f 


O  iH 
I  I 


CO 

9 

> 

O 

a 

M 

♦ 

u 


«r\  cvi 
•  • 

O  H 
I  I 


rH  o  fH  -a->o  t\l 

^  O  C^vO  o3 
•  ••••• 

CM  O  «H 

I  ♦  I  I  I  ♦ 


■SI 


CO  iTN    a*  »^  CO 

»rk>0  rH  rH  CM 
•  ••••• 

O  O  O  c^O  O 


I        I    I  I 


I  8 

I  H 

I 

I 

+ 


CM  -4- to 
Ok  O  O  vO  CM  O* 
•  ••••• 

H  iH  CM  e^o  o 


I  ♦  I  I  I  ♦ 


2^  -4-  CMnO  ^ 
CO        c«>  CM  cr^ 

•  ••••• 

H  o  H  e^o  o 
I  ♦  I  I  I  ♦ 


8  I 


iH  O 
♦  + 


I  I 


H  O 
•  • 

0  o 

1  I 


•  • 

0  o 

1  I 


■f  ♦ 


iH  O 
»r>  CM 
•  • 

0  o 

1  I 


8 


I  O 


O  I 

•  I 

l-i  I 
I 
I 


•o  I 


C  03 
nj  >» 

t3  © 

©  -a 

U  aJ 
cd  u 
o 

o 

«  o 

CM 

u  o 
o  ^ 

CM  c<^ 


o  o 

•H 

+>  43 

II 

©  ©  ^ 

+3  4^  C 
U  03 
©    ©  >» 

O  O 

^1    (h  © 

u 


o 

43 


© 

2 

to 


to 


10 

43 

o 

•H 

43 

CO 

i 

»4 

«H 

n 
rt 

U 

01 


p. 
© 

43 

n 

i 

c 

o 

43 
43 
O 

JS 


© 

2 


L 


^© 

T3  43 
© 

O  U 
© 


CM  nO  H 

•3     ^  o 

0]    O    O  4> 


© 

43 

o 

m 

© 


©  © 

43  43 
«  0> 


o  o 


© 
o 


i3  J3  43 

t43  C 

cr 

5  03 

©  © 

6  a 

©  ©  ^ 

43  43  ^ 


© 


GO 
•H 


CO  «Q 

O 

,  ^  13 
O   O  0} 

fcO 

to  bocJS  iH 
©  © 

O  CM 


© 
n 

s 


o 


© 


n 

0) 

© 
n 


Pi 

© 

X) 


43 
43 

03 
JS 

43 

09 
© 
43 

03 
o 


s 


Pi 
© 
P. 


© 

x: 

43 

o 

© 


^4 

o 


g 


T3  t5 
©  » 
n  m  o 


o 
u 
o 

H 
0)  o 

So  o 

— '  01 

03 

St 


54 


(608  Yarn) 

On  the  basis  of  the  data  summariied  in  table  7,  the  following  de- 
ductions of  practical  interest  may  be  made  in  connection  with  each  meas- 
ured fiber  property  towards  the  strength  of  carded  60s  yarn,  assuming 
that  the  magnitudes  of  all  the  other  fiber  properties  restain  the  same: 

Lowering  the  grade  of  cotton  by  one  grade ,  decreases 
the  skein  strength  of  60b  yam  by  0,7d  pound; 

An  increase  in  upper  quartile  length  of  l/32  inch,  in- 
creases the  skein  strength  of  60s  yarn  by  0,55  pound; 

An  Increase  of  1  percent  in  the  coefficient  of  length 
variability,  decreases  608  yam  strength  by  0,69  pound; 

An  increase  of  1  microgrsun  per  inch  in  fiber  weight, 
decreases  60s  yam  strength  by  3*19  pounds  (the  coeurser  the 
^fiber,  the  lower  the  yam  strength); 

An  increase  of  1  percent  in  the  percentage  of  mature 
fibers,  decreases  60s  yarn  strength  by  0.15  pound; 

And,  an  increase  of  1,000  pounds  per  square  inch  in 
fiber  strength  increases  60s  yam  strength  by  0.28  pound. 

Expressed  in  cmoliier  manner,  the  values  listed  in  table  7  show 
l^at  an  increase  of  1  pound  in  the  skein  strength  of  608  yam  is  obtained 
by  - 

Raising  the  grade  of  cotton  by  1.28  steps;  or 

Increasing  the  upper  quartile  length  by  l/l6  inch;  or 

Decreasing  the  coefficient  of  length  variability  by 
1.45  percent;  or 

Decreasing  the  fiber  weight  per  inch  by  O.Sl  microgram 
(the  finer  the  fiber,  the  stronger  the  yarn);  or 

Decreasing  the  percentage  of  mature  fibers  by  6.85  percent;  or 

Increasing  fiber  strength  by  3,623  pounds  per  square  inch* 

Figures  also  are  given  in  table  7  for  the  amount  of  change  in  each 
fiber  property  necessary  to  cause  an  increase  of  1  percent  in  the  mean 
strength  of  608  yarn.    In  this  connection,  it  is  of  interest  to  note  that 
the  amount  of  change  in  the  respective  fiber  properties  necessary  to 
cause  an  increase  of  1  pound  in  yam  strength  is  from  2  to  3.4  times 
greater  for  608  yam  than  for  228  yam.    However,  the  amount  of  change  in 
the  different  fiber  properties  required  to  produce  a  1  percent  increase 
in  mean  yam  strength  is  from  1.2  to  2.3  times  greater  for  22s  yam  than 
for  608  yam. 
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Partial  correlation  coeff ioients ,   Referring  to  table  8,  the 
yalues  for  this  statistical  measure  indicate  that  the  properties  of  raw 
cotton  studied  in  this  instance  rank  in  order  of  importance  to  the  skein 
strength  of  228  wid  60s  carded  yarn,  as  follows:    Fiber  strength,  coeffi- 
cient of  length  Tariability,  upper  quartile  length,  fiber  fineness,  grade, 
and  percentage  of  mture  fibers  • 

Although  the  rank  of  importance  of  the  different  fiber  properties, 
as  based  on  partial  correlation  coefficients,  is  the  same  for  both  228 
and  60s  yarn,  it  should  be  noted  that  i^e  magnitudes  of  l^e  respective 
coefficients  differ  somewhat  with  the  two  yam  counts.    In  particular, 
there  is  evidence  that  fiber  leng-Ui  is  more  important  to  tiie  strength  of 
60s  yarn  than  to  the  strength  of  22s  yarnj  and  that  fiber  strength  is  more 
important  to  the  strength  of  22s  yam  than  to  the  strength  of  60s  yarn. 
These  differences  appear  logical  since,  in  the  finer  counts  of  yarn,  no 
matter  how  strong  the  fibers  laay  be,  such  fiber  strength  cannot  be  real- 
ized unless  the  relatively  few  fibers  in  the  yam  oross-seotion  possess 
sufficient  length  for  the  inserted  yarn  twist  to  bind  tJiem  properly.  More- 
over, other  factors  being  equal,  length  of  fiber  determines  the  highest 
count  into  which  a  cotton  may  be  spun  as  observed  in  actual  mill  practice. 

What  the  exact  rank  of  importance  would  be  for  the  6  cotton  fiber 
properties  in  reference  to  tiie  strength  of  much  finer  counts  of  carded 
and  combed  yarn  is  somewhat  problematical.    In  the  case  of  combed  yarns 
of  120s  and  200s,  for  example,  it  is  possible  that  fiber  length  would 
assume  more  importance  to  yam  strength  and  fiber  strength  less  i&portanoe, 
as  compared  with  their  respeotive  contributions  to  "the  strength  of  oarded 
yam  listed  herein.    Differences  in  the  effects  of  fiber  length  and  fiber 
strength  might  even  become  great  enough  in  such  extremely  fine  yams  as 
to  reverse  the  rank  of  importance  obtained  for  them  in  connection  wi*^ 
the  strength  of  22s  and  608  carded  yam. 

Therefore,  in  aonneotion  with  the  statistical  values  and  conolu*- 
sions  presented  in  this  paper  with  respect  to  the  importance  of  the  fiber 
properties  under  study,  it  should  be  remembered  that  they  pertain  only. to 
the  skein  strength  of  carded  yams  manufactured  from  Asterioan  Upland 
cottons  and,  then,  only  to  such  yarns  of  228  and  60s  counts.    Studies  of 
the  same  fiber  data  correlated  with  y«um  appearance,  with  tire-oord 
strength,  with  tire-oord  elongation,  and  with  percentage  of  picker  and 
card  waste  reveal  a  somewhat  different  picture  for  ^e  over-all  correla- 
tion and  for  the  relative  importance  of  the  different  fiber  properties. 
More  particularly,  in  certain  of  these  other  instances,  some  of  the  fiber 
properties  that  are  relatively  important  to  the  strength  of  oarded  yam 
have  been  found  to  be  comparatively  unimportant,  and  vice  versa. 

APPLICATION  OF  REGRESSION  EQUATIONS 

Over  70  regression  equations  have  been  developed  in  connection  with 
this  study  for  estimating  the  skein  strength  of  carded  yarn,  31  of  whioh 
are  presented  in  table  4  for  22s  yarn;  31  in  table  5  for  608  yamj  and  4 
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in  the  Disoussion  having  to  do  with  special  cases,    (see  pp.  42,  44.) 
The  remaining  equations  have  not  been  included  in  this  report  but  the 
statistical  findings  associated  with  them  have  served  as  a  basis  for  cer» 
tain  statexsents  made  in  the  next  section* 

For  practical  use  and  operation  of  the  equations  presented  herein, 
reference  may  be  made  to  the  example  illustrated  in  the  Appendix* 

Although  the  skein  strengths  of  only  228  and  60s  yam  may  be  pre* 
dieted  directly  from  the  equations  reported ,  practically  az^estimated 
yarn  strength  may  be  obtained  for  counts  within  this  range  and  for  those 
outside  of  the  range,  particularly  in  the  lower  counts,  by  applying  the 
conversion  formula  given  in  publication  lO/and  whose  use  is  explained  in 
the  Appendix  with  more  particular  reference  to  the  estin^ting  equations* 
By  means  of  this  formula,  a  very  muoh  wider  and  more  general  application 
of  the  equations  and  findings  reported  in  this  paper  can  be  made  than 
otherwise  would  be  possible*    This  is  te practical  solution  to  an  unwieldy 
problem*    Obviously,  to  have  developed  estimating  equations  for  every 
counf  of  carded  yarn,  or  even  for  the  most  common  counts  of  such  yams, 
would  have  required  a  prohibitive  amount  of  technical  and  clerical  work* 

That  a  n\imber  of  more  or  less  radically  different  yam-strength 
estimating  equations  wi^  various  degrees  of  reliability  can  be  obtained 
from  fluialysing  the  data  for  a  given  series  of  cottons,  depending  upon 
"srtiioh  and  how  many  fiber  properties  are  correlated.  Is  fully  demonstrated 
by  the  evidence  presented  in  tables  4  and  5  and  in  the  graphic  charts 
which  follow*    It  is  felt,  however,  that  the  equations  presented  in  this 
paper  possess  merit  for  nmking  comparisons  and  predictions  in  reference 
to  yarn  skein  strength  and  cotton  quality,  insofar  as  American  Upland 
cottons  are  concerned since  they  were  derived  from  analysing  such  a 
large  number  of  cottons;  since  such  wide  ranges  of  fiber  and  spinning 
properties  were  involved,  and  since  such  comparable  methods  and  conditions 
of  test  were  used  with  all  seunples . 

Estimated  values  of  yarn  strength  obtained  for  other  American 
Upland  cottons  by  substituting  fiber -property  values  in  any  of  these  equa- 
tions generally  should  ag^ee  with  their  actual  yarn-strength  values,  with- 
in the  limits  of  tolerance  specified,  provided  that  a  number  of  conditions 
are  satisfactorily  met*    There  will  be  individual  cases,  however,  where 
the  estimated  and  actual  values  of  yam  strength  will  differ  more  than 
the  limits  of  accuracy  indicated*    In  such  event,  it  is  likely  that  either 
the  equation  is  being  applied  to  an  unusual  or  extreme  cotton,  one  that 
is  distinctly  outside  of  the  range,  in  one  or  more  fiber  properties,  of 
that  from  which  these  equations  were  developed,  or  else  that  the  tech- 
niques and  conditions  used  by  others  for  measuring  fiber  and  yam  proper- 
ties  or  for  manufacturing  yarn  are  appreciably  different  frcan  those  em- 
ployed in  these  analyses,  or  both*    If  only  an  occasional  large  disparity 
occurs  and  if  the  deviations  are  Sfsaetimes  plus  and  sometimes  minus,  this 


lO/  See  footnote        page  10, 
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would  8ugg«8t  something  unusual  or  extreme  about  the  cotton.    On  tfa« 
other  handf  If  appreciable  disparities  occur  generally  and  if  they  are 
always  either  plujs  or  minus  ^  this  would  indioato  that  something  is  un- 
usual or  peculiar  to  the  testing  or  manufacturing  phases* 

Ihe  following  are  examples  wi-tiiin  the  second  category  of  dispari- 
ties mentioned  above t 

If  large  numbers  of  fibers  are  broken  during  the  length-sorting 
process  whereby  the  upper  quartile  length  becomes  unduly  short  and  the 
coefficient  of  length  ▼ariabili'ty  becomes  unduly  high^  estimated  yam 
strengths  basad  on  such  values  will  be  low  in  comparison  with  the  yam 
strengths  actually  obtained* 

If  the  fiber  strength  tests  are  not  properly  performed  and  the 
resulting  values  are  low  for  some  reason^  the  estimated  yarn  strength 
would  be  expected  to  be  low«  « 

If  the  yarns  are  manufactured  on  a  long-draft  system,  estimated 
yarn  strengths  should  be  some  5  to  15  percent  lower  than  the  actual  valuea 
obtained 4  as  the  equations  presented  in  this  paper  are  based  on  yam 
strengths  obtained  with  the  so-called  regular  draft* 

If  the  yam  twist  employed  in  the  manufacture  of  a  cotton  is  below 
or  above  the  optimum  for  its  staple  length,  estimated  yarn  strength  values 
for  it  based  on  these  equations  would  be  expected  to  be  relatively  hig^, 
since  the  equations  here  reported  represent  yam  strengths  associated  with 
yam  twists  giving  maximum  yarn  strength* 

If  the  yarn-skein  strength  tests  are  improperly  made,  the  estimated 
yam  strengths  by  comparison  may  be  either  hlg^  or  low* 

If  the  fiber  and  yam  tests  are  made  under  atmospheric  conditions 
above  or  below  a  temperature  of  70®       and  a  relative  humidity  of  65  per- 
cent, estimated  yarn  strength  values  may  be  either  hl^  or  low,  as  the 
values  on  which  these  equations  are  based  were  obtained  under  standard 
atmospheric  conditions* 

DISCUSSION 

Hie  large  nximber  of  equations  presented  have  been  derived  in  an 
effort  to  determine:    How  closely  yarn  strength  can  be  predicted  from  only 
a  knowledge  of  certain  fiber  properties?    How  much  of  the  yarn  strength 
variance  is  explainable  by  eight  separate  and  variously  combined  fiber 
properties?    Which  combination  of  fiber  properties  gives  the  best  results? 
Which  and  how  many  tests  may  be  omitted  and  yet  give  sufficient  data  for 
98timating  or  predicting  yam-skein  strength  with  practical  satisfaction, 
the  degree  of  which  may  vary  for  different  purposes?   And  how  closely  an 
estimated  yam  strength  may  be  obtained  when  based  alone  on  such  non- 
technical measurements  as  grade  and  staple  length? 


Prom  the  data  presented ,  it  is  evident  that  yarn  strength  is  not 
the  result  of  the  influence  of  just  1  fiber  property,  nor  of  any  2  or  S 
fiber  properties,  but  rather  of  many  contributing  variables.    It  also 
is  obvious  that  many  interrelationships  and  interactions  are  involved  ,  • 
in  this  problem  and  that,  as  comprehensive  as  this  study  is,  not  all  of 
them  have  been  included.    The  cumulative  and  compensative  effects  of 
fiber  properties  not  measured  frequently  are  overlooked  or  forgotten 
when  making  interpretations  with  respect  to  the  measured  fiber  properties 
included  in  such  statistical  analyses;  nevertheless,  they  always  con- 
tribute to  some  extent  in  increasing  or  decreasing  the  actual  yam 
strength  values  involved  and,  thereby,  influence  the  findings  and  conclu- 
sions from  any  such  statistical  analyses. 

Using  the  six-fiber-property  equations  which  reflect  the  highest 
coefficient  of  correlation  and  the  lowest  stemdard  error  of  estimate^ 
87  percent  of  the  yarn  strength  variance  is  explained  by  the  meas\arements 
for  the  fiber  properties  considered  in  the  case  of  equation  (2)  for  22s 
yam  and  88  percent  in  the  case  of  equation  (36)  for  60s  yarn.  Thus^ 
13  percent  and  12  percent  of  the  variance  in  yarn  strength  of  the  2 
respective  counts  are  unaccounted  for  by  the  6  fiber  properties  included 
and  these  disparities  are  believed  to  result  from  other  fiber  properties 
and  factors  beyond  control*   A  lesser  proportion  of  the  yam-strength 
variance  is  accounted  for  and  a  corresponding  greater  amount  is  unex- 
plained, of  course,  as  different  combinations  of  fewer  fiber  properties 
are  used*    Generally,  the  least  amount  of  yam-strength  variance  is  ac- 
counted for  by  the  separate  fiber  properties,  -Uiough  the  different  fiber 
properties  vary  considerably  in  this  respect* 

Evidence  obtained  from  these  and  related  studies  made  over  a  period 
of  years  has  shown  that  the  nature  and  extent  of  the  distribution  of  the 
various  fiber  properties  are  of  particular  importance  when  data  are 
analysed  to  obtain  regressicm  or  estimating  equations  with  respect  to 
cotton  quality.    Such  equations  have  generally  agreed  when  the  ranges  and 
distribution  of  the  fiber  properties  were  comparable.    When  one  or  more 
of  the  fiber  properties  of  the  various  series  of  cottons  had  relatively 
narrow  ranges,  however,  the  equations  Were  radically  different,  partic- 
ularly with  respect  to  the  regression  coefficients  of  those  variables 
having  a  narrow  range.   Variation  in  the  concentration  of  the  magnitudes 
of  the  fiber  properties  tend  to  weight  the  data  for  these  fiber  proper- 
ties in  such  diverse  ways  that  precise  or  perfect  agreement  between  such 
statistical  measures  derived  from  different  groups  of  cotton  can  hardly 
be  expected.    The  full  effect  of  the  extreme  fiber  properties,  moreover, 
is  often  obscured  by  such  weighting. 

To  illustrate,  a  multiple  correlation  coefficient  of  0.673  was 
found  for  a  series  of  113  lots  of  cotton  in  which  five  fiber  properties 
were  correlated  with  the  strength  of  226  carded  yarn.    However,  when  40 
of  the  cottons  were  selected  from  this  series  so  that  the  magnitudes 
of  the  fiber  properties  were  more  equally  distributed  over  their  re- 
spective rcmges  and  the  proportion  of  fiber  properties  near  the  extremes 
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was  considerably  increased,  the  multiple  correlation  coefficient  beoeune 
0.937*    This  is  a  sizeable  improvement*    Although  3  or  4  times  more 
weight  was  given  to  the  extreme  fiber,  properties  in  this  instance  than 
before,  the  frequency  of  the  magnitudes  of  the  fiber  properties  near  the 
means  still  possessed  more  weight  in  the  calculations  than  those  near 
the  extremes  • 

A  further  study  of  the  effect  of  "this  factor  has  been  followed 
by  a  someiniiat  similar  procedure  in  connection  with  the  present  studies* 
Twenty-five  cottons  were  selected  primarily  on  the  basis  of  their  228 
yarn  strength.    They  differed  by  about  4  pounds  -  starting  at  the  mini- 
mum of  49  pounds  and  ending  with  the  m&ximum  of  142  pounds  -  and  covered 
approximately  the  full  range  of  each  of  the  fiber  properties.   Tfhen  6 
fiber  properties  were  correlated  with  the  strength  of  yarn,  a  multiple 
correlation  coefficient  of  0.969  was  found  for  these  cottons,  as  compared 
with  0.933  for  the  384  lots  of  cotton.    This  is  a  substantial  improvement 
and  a  very  high  correlation  for  cotton  fiber-and-yam  relationships, 
particularly  since  1.000  represents  perfect  correlation,  since  all  con- 
tributing fiber  properties  were  not  included,  and  since  some  errors 
accompany  even  the  best  of  sampling  and  testing  methods.    Hie  results  are 
of  more  particular  interest  in  this  instance,  however,  in  that  they  indi- 
cate the  extent  to  which  correlation  coefficients  pertaining  to  cotton 
quality  oem  be  affected  or  masked  by  inadvertent  weighting  of  the 
measurements  for  fiber  and  spinning  properties,  as  a  result  of  the  dis- 
tribution of  the  samples  and  data  included  in  the  analysis. 

The  corresponding  coefficients  of  determination  associated  with 
the  two  series  of  cottons  cited  above  are  0.939  and  0.871,  respectively. 
These  figures  indicate  that  94  percent  of  the  variance  in  strength  of 
22s  yarn  is  accounted  for  by  the  6  fiber  properties  in  the  case  of  the 
25  selected  cottons  and  87  percent  in  the  case  of  the  entire  series  of 
384  lots  of  cotton.    The  former  finding  is  significant  in  that  it  offers 
proof  of  the  following  conclusions:    (1)  That  the  fiber  properties  in- 
cluded in  the  studies  constitute  the  principal  ones  invoflved  in  yarn 
strength  and  (2)  that  the  relationship  between  yam  strength  and  these 
fiber  properties  can  be  explained  by  linear  correlation  without  recourse 
to  the  tedious  process  of  c\u*villnear  correlation  analyses* 

The  latter  conclusion  has  been  confirmed  by  applying  curvilinear 
analysis  to  the  data,  using  one  of  the  methods  described  by  Thomson  ll/. 
1^19  studies  were  made  on  the  25  selected  cottons  previously  mentioned 
when  yam  strength  ranged  from  49  pounds  to  142  pounds .    The  various 
charts  constructed  in  connection  with  this  analysis  failed  to  reveal  any 
definite  trend  towards  curvilinear  relationships. 

In  view  of  the  fact  that  so  many  different  equations  may  be  ob- 
tained for  a  given  series  of  cottons,  it  should  be  emphasised  that  the 


11/  Agricultural  Prices,  by  Frederick  Lundy  Thomson .    McGraw-Hill  Book 
Co.,  Inc.,  New  York,  1956. 


naasured  importanoe  reported  for  eaoh  of  liie  separate  fiber  properties, 
with  respect  to  yam  strength,  as  based  on  partial  correlation  coeffi- 
oients,  is  related  to  ^e  six  fiber  properties  involTed  in  equation  (2) 
in  the  case  of  22s  yam  and  to  the  same  six  fiber  properties  of  the  cor- 
responding equation  (36)  for  60s  yarn.    The  reported  importance  for  each 
separate  fiber  property  is  subject  to  the  restriction  l^at  it  holds 
precisely  only  for  the  number  and  nature  of  the  fiber  properties  used 
in  the  analysis,  for  the  methods  of  test  applied,  and  for  the  units  of 
measurement  employed  in  the  calculations  of  the  fiber  and  yam  proper- 
ties •    Such  restrictions  and  reseryations,  nevertheless,  always  apply  te 
any  oorrelaticsi  analyses  and  findings  of  this  type* 

In  pursuing  this  line  of  reasoning  further,  an  analysis  has  been 
made  to  determine  the  extent  to  which  the  averaging  of  data  for  corre- 
sponding samples  from  plots  1  and  8  affected  the  interpretations  and 
conclusions  obtained  in  this  study*    The  method  used  was  to  calculate 
the  residuals  by  estimating  the  strength  of  226  yam  for  cottons  of  eaoh 
plot,  1  and  8  separately,  using  equation  (2),  and  adjusting  the  constant 
term  so  -^at  the  residuals  would  add  to  0«    The  equation  obtained,  there 
fore,  differs  from  equation  (2)  only  in  Hie  value  of  the  constant  term, 
the  difference  being  0*71  pound.    The  standard  error  for  the  equation 
is  4  6*22  pounds,  when  the  data  for  plots  1  and  8  are  considered  individ 
uaiTy,  as  oompared  with     5*42  pounds  when  the  data  for  plots  1  and  8 
are  averaged.    The  higheF  standard  error  naturally  follows  for  the  serie 
based  on  single  observations,  in  comparison  with  the  smaller  one  derived 
from  using  averages  of  the  data  from  duplicate  plots. 

In  the  lig^t  of  the  foregoing,  care  must  be  used  in  basing  con- 
clusions on  any  correlation  analyses  where  averages  are  used  indiscrim- 
inately, since  averaging  reduces  the  scatter  and  since,  other  factors 
being  equal,  a  reduced  scatter  increases  the  coefficient  of  correlation 
and  decreases  the  standard  error.    The  correlation  coefficients  reported 
in  this  paper  on  the  b^sis  of  averages  for  the  S84  duplicate  cottons, 
therefore,  are  slightly  higher  than  would  have  been  t^e  case  had  all 
766  observations  been  used  individually.    The  regression  equations,  how- 
ever, would  have  been  essentially  the  same.   Moreover,  as  all  the  data 
have  been  calculated  throughout  on  the  basis  of  averages  for  duplicate 
plots,  the  equations  and  other  statistical  measures  presented  are  com- 
parable.   Thus,  averaging  in  this  instance  has  done  no  violence  to  the 
practical  interpretations  and  conclusions  reported  in  this  paper. 

An  Important  feature  of  t^e  regression  equations  presented  is  the 
degree  of  precision  that  they  possess  with  respect  to  estimates  of  yam 
strength.    The  precisions  of  the  respective  equations,  as  based  on 
absolute  units,  are  indicated  by  the  standard  errors  listed  in  tables 
4  and  5.    It  will  be  note^  that  the  standard  errors  for  the  60s  yam  are 
much  smaller  than  those  for  the  22s  yam.    Ihe  standard  errors  of  t^e 
60s,  however,  are  not  directly  comparable  with  those  found  in  the  case 
of  22s  yam,  since  the  average  strength  for  the  60s  yam  is  22.89  pounds 
i^ile  t^at  for  the  22s  yam  is  95.84  pounds. 
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Based  on  percentage  deviations,  as  obtained  by  dividing  the  dif- 
ference between  the  actual  and  estimated  values  by  "ttie  actual  values  ^ 
^e  precision  of  the  equations  for  estimating  the  strength  of  608  yarn 
is  generally  less  than  that  for  22s  yam»    lliis  conclusion  is  based  on 
the  following  figures:    With  60s  yam,  the  best  equation  from  the  stand- 
point of  percentage  precision  is  equation  (56),  giving  75  percent  of  the 
estimated  yam  strengths  occurring  within  4-  10  percent  of  the  actual 
strengths «    This  compares  with  the  corresponding  value  of  94  percent  for 
equation  (2)  with  22s  yam*    The  other  respective  equations  for  608  and 
228  yam  indicate  about  the  same  proportion  of  difference  between  results 

The  foregoing  discussion  is  based  on  identical  cottons  used  in 
estimating  the  strength  of  both  228  and  608  yam,  the  estimated  strengths 
of  22s  yarn  being  compared  with  actual  strengths  of  228  yarn  in  all  584 
oases;  whereas  the  estimated  strength  of  608  yam  was  compared  with 
actual  strengths  of  608  yam  in  102  oases  and  with  converted  actual 
strengths  in  282  instances*    The  102  cottons  were  spun  into  608  as  the 
finest  count  rather  than  568,  448,  or  508  because  their  staple  lengths 
were  1-1/52  inches  or  longer  whereas  the  other  cottons  of  the  series  were 
shorter  than  1*1/52  inohes*    The  question  now  arises  as  to  what  the  equa- 
tion would  have  been  had  only  actual  strengths  of  the  102  lots  of  608 
yam  been  used,  instead  of  actual  and  converted  figures  for  564  lots,  and 
how  closely  can  60s  yam  strength  be  estimated  by  such  an  equation* 

When  the  correlation  results  are  based  on  the  102  lots  of  ootton 
aotuai;).y  spun  into  60s  yam,  a  coefficient  of  multiple  correlation  ef 
0*945  is  obtained  which,  on  squaring,  indicates  that  89  percent  of  t^e 
variance  in  strength  of  608  yam  is  accoxmted  for  by  the  6  fiber  proper- 
ties under  consideration*    This  compares  with  88  percent  when  the  entire 
584  cottons  of  Ihe  series  were  used*    Hie  standard  error  of  the  equation 
for  the  102  cottons  is  •t'  1*85  as  compared  with  ^  2*12  for  the  584  lots* 
Hiis  lower  standard  error  is  largely  the  result""of  the  narrower  range 
of  the  actual  strength  of  608  yam  associated  with  the  102  lota,  as  com- 
pared with  the  wider  range  when  584  lots  were  used*    The  fact  that  only 
1  percent  less  of  the  variance  in  608  yam  strength  is  accounted  for  when 
584  lots  were  used,  as  compared  with  the  102  lots.  Indicates  that  no 
violence  was  done  to  the  raw  data  by  conversion* 

For  convenience  in  comparing  the  findings  obtained  with  the  two 
series  of  cottons  referred  to  above,  the  two  equations  are  given  below, 
equation  (56)  referring  to  the  584  lots  and  equation  (66)  to  the  102 
lots  t 

(56)  x[q  s  51*97  -*785Xj  ♦  17.544X2  -.688X3  -3.193X4  -.146Xg5  ♦  J276Xe 

(66)  x[q  «  57*80  -.198Xj  ♦  18.880X2  -.876Xg  -2.975X4  -*258Xgg  ♦  .280X6 

In  comparing  the  above  equations,  it  is  seen  that  the  regression 
coefficients  differ  mostly  for  grade  and  to  a  sizeable  extent  for  length 
variability  and  percentage  of  mature  fibers*    The  differences  are  explain 
able,  to  a  certain  degree,  by  the  fact  that  the  two  series  of  cottons 
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differed  in  their  range  and  distribution  of  fiber  properties .    In  par- 
ticular ^  in  the  case  of  the  102  lots^  the  cottons  possessed  a  more  re- 
stricted range  of  grades  and,  in  addition,  a  higher  concentration  of 
grades  within  a  narroir  range  than  did  those  of  the  384  lots,  97.0  per^* 
oent  of  the  cottons  having  grades  within  the  range  of  Middling  to  Low 
Middling  for  -the  fonoer  and  85 ,9  percent  for  the  latter*    Thus,  grade 
had  little  chance  to  affect  the  results  in  this  instance  and  this  is 
borne  out  by  the  fact  that  the  regression  coefficient  for  grade  is  so  much 
snaller  in  equation  (66)  than  it  is  in  equation  (36). 

A  cheok  also  has  been  made  of  the  reliability  of  the  formula  \Z/ 
that  has  been  used  in  converting  the  strengths  of  lower  counts  into  those 
of  60s  yam  and  that  is  recommended  for  use  with  the  equations  when 
estimating  the  strength  of  carded  yams  for  counts  other  than  22s  and 
60s,    First,  since  cottons  from  plots  1  and  8  differed  only  in  their 
growOi  location  within  the  same  field,  little  difference  should  be  ex- 
pected in  the  strength  of  60s  yams  from  the  two  corresponding  plots  • 
This'^has,  in  fact,  been  confirmed  by  averaging  the  strengths  of  the  60s 
yam  actually  spun  from  102  cottons  grown  on  plots  1  and  comparing  the 
result  with  that  found  for  the  corresponding  cottons  groim  on  plot  8. 
The  respective  averages  are  28,35  and  28*26  pounds*    This  is  a  difference 
of  only  0*09  pound  and,  obviously,  is  much  too  small  to  be  significant* 
Thus,  the  reliability  of  the  basis  for  the  comparisons  to  follow  is 
established* 

Next,  in  the  conversion  from  the  strength  of  SOs  yam  to  that  of 
608  yam,  there  were  33  cases  where  cotton  from  plots  1  and  8  were  spun 
into  either  SOs  or  60s  yarn*    The  average  yam  strength  for  the  33 
cottons  actually  spun  into  60s  yam  is  23*91  pounds,  as  compared  with 
23*42  pounds  for  the  average  of  the  33  cottons  converted  by  formula  from 
50s  to  608  yam  strength*    Ihis  is  a  difference  of  only  0*49  pound  and 
indicates  that  no  violence  was  done  to  the  data  by  such  conversions  * 
With  respect  to  44s  yam,  there  were  102  lots  from  which  both  448  and 
608  yam  were  spun*    The  average  strength  of  the  608  converted  from  448 
was  26*7  pounds,  as  compared  with  28*2  pounds  for  the  actual  60s  yam 
strength,  or  a  difference  of  1*5  pounds* 

By  way  of  further  breakdown,  the  384  average  yam-strength  values 
used  in  this  paper  for  60s  yam  can  be  classified  as  follows  i    102  cases 
represent  actual  608  yam  spun  and  tested;  33  cases,  conversion  from 
508  to  60s  in  only  one  of  the  duplicate  plots;  132  cases,  conversion 
from  508  to  608  in  botdi  plots;  and  73  oases,  conversion  from  44s  to  608 
in  both  plots*    Thus,  a  total  of  340  $trength  averages  out  of  384  are 
considered  practically  as  reliable  as  if  608  yam  had  been  spun  and 
tested*    Ko  direct  cheeky  however,  is  possible  on  the  strengths  of  the 
remaining  44  lots  of  yam,  aggregating  11*4  percent  of  -Qie  total  cases* 


12/See  footnote         page  10 
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In  the  light  of  the  foregoing,  it  seems  safe  to  oonclude  that  the 
slight  disagreement  between  the  precision  of  equation  (36)  for  the  384 
lets  and  that  of  equation  (66)  for  the  102  lots  is  the  result  of  differ- 
ences in  the  ran^e  and  distrihution  of  the  fiber  properties  and  also  of 
the  yam-strength  ralues,  rather  than  of  any  differences  caused  by  oon- 
Terting  the  strengths  of  lower  counts  into  those  of  60s  yarns  •    Even  so, 
it  is  regretted  that  any  converted  values  had  to  be  used  in  connection 
with  the  384  lots  of  60s  yarn*    However,  to  have  compared  the  results  of 
608  yarn  with  22s  yam  on  the  basis  of  only  the  data  pertaining  to  the 
cottons  actually  spun  in  the  two  cases  would  have,  in  effect^  been  the 
equivalent  of  comparing  the  results  from  two  different  series  of  cotons 
having  considerably  different  ranges  and  distributions  of  fiber  proper- 
ties, particularly  with  respect  to  length.    Such  a  procedure,  therefore, 
would  have  imposed  serious  restrictions  on  any  attempted  over-all  Inter- 
pretations and  oonplusione. 

Previous  mention  has  been  made  in  this  report  of  three  equations 
concerning  228  yam  which  did  not  appear  in  table  4*    Those  equations 
refer  *to  upper  quartile  length  multiplied  by  fiber  strength  divided  by 
fiber  weight  fineness,  the  product  of  mean  fiber  length  and  fiber  strength, 
and  the  product  of  upper  quartile  length  and  fiber  strength,  and  are 
respectively  as  follows j  g 

(16)    Xl  z  58.05  ♦    1 ^990  X2  Xe  ^  iq.IS 

(19)  Xg  s  13.81  ♦    1.136  Xi;^Xg  ♦  7.52 

(20)  Xg  r  16.25         .921-X2  Xg  ♦  8.49 

A  comparison  of  the  standard  errors  of  these  equations  with  those 
of  table  4,  in  which  the  same  fiber  properties  were  used  in  regular 
linear  correlation  analyses,  shows  that  nothing  is  gained  by  the  use  of 
the  product  method* 

Scatter  diagrams  of  the  type  explained  in  the  Appendix ,  when 
arranged  in  serial  order,  are  particularly  helpful  in  affording  a  proper 
understanding  of  the  precision  of  fiber-yarn  relationships,  as  estab- 
lished by  regression  equations. 

For  assistance  in  visualising  the  results  obtained  in  this  study, 
figures  1  to  12,  comparing  the  actual  with  the  estimated  strength  of 
228  yarn,  are  presented.    No  graphic  illustrations,  however,  are  shown 
for  60s  yam,  as  the  general  results  for  both  counts  of  yarn  are  very 
similar. 
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APPENDIX 


B3CPUNATI0N  OF  CERTilN  STATISTICAL  TERMS,  MEASURES 
AND  METHODS  USED  IN  THIS  STUDY 

The  statistloal  methods  and  terms  employed  in  this  study  are  de- 
scribed in  the  -Tarious  text  books,  some  of  whioh  are  listed  beloir  ast 
13/,  14/,  15^,  16/,  17/,  is/.    Per  convenience  and  ready  reference  to 
TnoetTiho  are  no7  famliar  with  these  matters  and  who  may  not  hare  access 
to  such  text  books,  brief  descriptions  of  the  more  pertinent  items  are 
given  herewith. 

The  dependent  variable  used  in  these  studies  is  represented  by 
the  symbol  Xq  in  the  case  of  the  strength  of  22s  carded  yam  and  by  the 
symbol  X16  In  the  case  of  the  strength  of  60s  yarn.    The  magnitude  of 
eaoh  of  these  variables  depends  upon  the  magnitude  of  the  various  prop- 
erties of  the  fibers  composing  the  yarn,  hence  its  designation  as  the 
dependent  variable.    When  the  symbols  are  primed,  as  Xq  and  Xig,  they 
represent  the  estimated  strength  of  22s  and  60s  yarn,  respectively,  as 
calculated  from  a  regression  equation  involving  one  or  more  fiber  prop- 
erties ,  or  only  the  mean  yam  strength  of  the  series  • 

The  independent  variables  are  represented  by  X  with  various  sub- 
soripts  to  indicate  certain  fiber  properties  as  follows: 

Xj,  grade  of  catton,  by  number  -  the  smaller  the  grade 
nxunber,  the  hi^er  the  grade  of  cotton,  and  vice  versa. 
When  the  grade  is  designated  by  name  followed  by  a  plus 
sign,  0.53  if  subtracted  from  its  grade  number,  and  li^en 
the  grade  name  is  followed  by  a  minus  sign,  0,33  is  added. 

Xg,  upper  quartile  length  in  inches,  as  determined  by 
the  Suter-Webb  sorter.    It  is  the  length  at  the  25  percent 
point,  reading  from  the  longest  fibers,  or  that  length  at 
which  25  percent  of  the  fibers  by  weight  in  the  seonple  are 
equal  to  and  longer. 


13/  Statistical  Methods  Applied  to  Economics  and  Business,  by  Frederick 
Cecil  Mills.    Henry  Holt  and  Company,  New  York.  Revised  edition, 
Dec.  1940. 

14/  Practical  Business  Statistics,  by  Frederick  E.  Croxton  and  Dudley 
J.  Cowden.    Prentice -Ha 11,  Inc.,  1941. 

15/  Methods  of  Correlation  Analysis,  by  Mordecai  Esekiel.    2nd  edition. 
John  Wiley  and  Sons,  Inc.,  1941. 

16/  The  Combination  of  Observations,  by  David  Brunt.    Cambridge.  The 
University  Press,  1923. 

17/  Application  of  a  Simplified  Method  of  Graphic  Curvilinear  Correla- 
tion, by  L.  H.  Bean.  Published  by  the  Bureau  of  Agricultural 
Economics,  U.S.  Department  of  Agriculture,  1929.  (Mimeographed.) 

18/  See  footnote  ll/,  p.  40. 
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X,,  oo«fflcient  of  length  vcgrii^bility.  In  percent. 
This  meaBure  Indioatee  the  degree  of  uniformity  or 
irregularity  of  the  fiber  lengths^  it  being  the  standard 
deviation  of  the  fiber  length-weight  groups  expressed  as 
a.  percent  of  the  mean  length*    The  smaller  this  figure, 
the  more  uniform  is  the  cotton  with  respect  to  fiber 
lengths f  and  vice  versa* 

X^,  fineness  of  fiber,  as  expressed  in  terms  of  micro- 
grams per  inch.    The  smaller  thi^  figure,  the  finer  are  the 
fibers;  the  larger  this  figure,  the  coarser  the  fibers 
(due  regard  being  given  to  the  percentages  of  mature  and 
thin-walled  fibers  present). 

X«c,  percentage  of  mature  fibers.    This  figure  repre- 
sents the  relative  number  of  mature  fibers  to  the  total 
number  of  all  the  fibers  observed.    A  mature  fiber  is  one 
idiose  wall  thiclaiess  is  equal  to  or  greater  than  one-half 
the  width  of  the  lumen  or  cavity  within  the  fiber, 

Xg,  strength  of  raw  cotton  in  1,000  pounds  per  square 
inch,  as  determined  by  breaking  round,  wrapped  bundles  of 
fibers,  according  to  the  so-called  Chandler  method* 

X^Q,  staple  length  of  cotton  in  inches,  as  determined 
by  classing  specialists  of  the  Appeal  Board  of  Review 
Examiners,  USDA. 

^11«  fiber  length,  as  based  on  results  obtained 

with  the  Suter-Webb  sorter,  using  weight-percent  frequency 
for  fiber-length  dis  a*ibution. 

The  simple  correlation  coefficient  is  represented  by  the  symbol 
r  •    Its  value  indicates  hovr  closely  2  variables  are  associated  with  each 
other,  4>  1.00  being  perfect  correlation  and  tero  being  no  correlation. 
Ifhether  plus  or  minus,  a  correlation  coefficient  of  0.90  and  above  is 
considered  very  good;  0.80  to  0.89,  good;  0.60  to  0.79  fair;  and  below 
0.60,  poor.    A  plus  sign  before  the  coefficient  of  correlation  indicates 
a  positive  correlation  betireen  the  2  variables  under  consideration;  a 
minus  sign  indicates  a  negative  correlation. 

A  method  of  Judging  the  reliability  of  the  correlation  coefficient 
is  to  determine  its  standard  error  and  compare  this  with  the  correlation 
coefficient.    Statisticians  usually  have  considerable  confidence  that 
the  relationship  is  not  a  result  of  chance  alone  if  the  coefficient  of 
correlation  (r)  is  at  least  3  times  its  standard  error. 

The  multiple  correlation  coefficient  is  represented  by  the  symbol. 
R  with  or  without  subscripts .    TiAien  followed  by  a  subscript,  the  figure 
to  the  left  of  the  period  indicates  the  dependent  variable  and  those  to 


the  right,  the  independent  variables  used  in  tJie  analysis.    This  statis- 
tical value  indicates  the  closeness  of  the  combined  effect  of  2  or  more 
fiber  properties  on  the  strength  of  yarn,  the  closeness  of  association 
being  Judged  by  the  same  criterion  as  for  simple  correlation.  Unless 
otherwise  stated,  linear  correlation  is  to  be  understood.    Usually  no 
sign  is  attached  to  the  multiple  correlation  coefficient, 

9  2 

The  coefficient  of  determination  r^  or  R    ie  the  square  of  the 
coefficient  of  correlation.    When  r*^  is  used,  simple  correlation  is  in- 
volved and,  when       is  used,  multiple  correlation  is  involved.    The  sub- 
scripts correspond  to  those  of  the  correlation  coefficients.    The  magni" 
tudes  of  the  values  indicate  the  proportion  of  the  total  variance  in 
the  dependent  variable,  yarn  strength  in  this  case,  which  is  accounted 
for  by  the  variable  or  variables  being  considered,  as  indicated  by  the 
subscripts  shown.    Thus,  a  value  of  0,423  for       or  0,871  for  r2  signi- 
fies that  42  percent  of  the  yarn-strength  variance  is  accounted  for  by 
the  particular  independent  variable  or  single  fiber  property  used  and 
that  87  percent  is  the  amount  of  the  yam-strength  variance  that  can  be 
explained  by  the  several  independent  variables  or  fiber  properties  con- 
sidered collectively. 

The  standard  error  of  estimate  S,  frequently  referred  to  as  the 
standard  error,  indicates  the  range  within  which  the  observations  would 
be  expected  to  differ  from  the  estimated  values  in  two-thirds  of  the 
cases  as  based  on  the  regression  line  or  line  of  average  relationship. 
The  formula  used  was  S  s  (fXg  y  1  -  r^  or  S  =  (JXq  \/1-R^  and  the 
values  obtained  were  checked  by  calculations  based  on  actual  deviations 
from  the  regression  line. 

The  standard  deviation  is  used  to  indicate  the  variability  of 
the  observations.    In  a  so-called  normal  distribution,  approximately  two- 
thirds  of  the  observations  will  fall  within  ♦  this  value  from  the  mean 
of  the  observations.    This  is  the  same  as  the  standard  error  of  a  single 
observation,    "When  cT" is  modified  by  a  subscript  such  as  illustrated 
by  Cff,  the  value  indicates  the  standard  error  of  r .    If  r  is  greater 
than  3  times  ^Tr ,  the  value  of  r  is  considered  to  have  significance. 
The  standard  error  of  r  is  calculated  by  the  formula  ^  ■  1  -  r^  and 

TR — 

the  standard  error  of  r^  by  the  formula   (Jr^  s  2r  ^r.    The  formula  holds 
for  both  simple  and  multiple  correlation.    The  square  of  the  stajidard 
deviation  is  called  variance. 

The  regression  coefficients  b  indicate  the  units  of  change  in  the 
dependent  variable  corresponding  to  a  unit  change  in  the  independent 
variable.    They  represent  Values  appearing  in  the  equations  as  a  multi- 
plier* to  a  value  represented  by  the  symbol  X  with  a  subscript.    The  b 
generally  appears  with  several  subscripts,  the  first  one  on  the  left 
indicating  the  dependent  variable  and  the  second^  the  independent  variable 
or  fiber  property  to  which  the  coefficient  is  attached.    These  are  fol- 
lowed by  a  period.    The  other  subscripts  indicate  the  other  independent 
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variables  or  fiber  properties  included  in  the  analysis •  The  standard 
errors  of  the  b*8  are  obtained  in  connection  with  the  solution  of  the 
normal  equations • 

The  coefficients  of  partial  correlation.    Several  statistical 
neasures  are  available  for  determining  the  importance  of  an  independent 
variable  in  terms  of  its  relation  to  a  dependent  variable.    Of  these 
measures,  each  of  which  has  certain  advantages  and  disadvantages,  the 
coefficient  of  partial  correlation  is  considered  the  most  reliable 
because  of  the  fact  that  it  measures  how  much  a  particular  independent 
variable  reduces  the  variance  of  the  dependent  variable,  after  the 
effects  of  all  the  other  variables  included  in  the  equation  have  been 
taken  into  account.    In  this  instance,  the  coefficients  of  partial  corre- 
lation refer  to  how  much  each  of  the  six  fiber  properties  considered 
reduces  the  variancie  in  skein  strength  of  22s  and  60s  yam,  respectively, 
after  the  effects  of  the  other  five  fiber  properties  included  in  the 
equation  have  been  taken  into  account.    Thus,  this  measure  differs  radi- 
cally from  the  simple  correlation  coefficient,  where  the  effects  of  all 
the  fiber  properties,  except  the  one  in  question,  are  disregarded  in  the 
emalyses. 

Partial  correlation  coefficients  are  indicated  by  the  symbol  "r", 
with  subscripts.    The  subscripts  correspond  to  those  of  the  regression 
coefficients  and  indicate  the  variables  or  fiber  properties  involved. 
Those  on  the  left  of  the  period  represent  the  two  variables  whose  asso- 
ciation is  measured  i^ile  the  others  represent  the  remaining  variables 
entering  in  the  analysis.    For  example,  the  formula  to  determine  the 
partial  correlation  ooaffioient  for  fib«r  gtrensfth  ^  re^^ation  to  strength 
of  22s  yam  is  3^86.1234(35)  «  V/ ^86 .1234(36)  (^68.1234(35).    The  calcu- 
lations were  subsequently  checked  by  mathematical  computation  based  on 
the  definition  of  the  partial  correlation  coefficient  by  using  the 
results  from  the  correlation  analysis  with  6  fiber  properties  and  those 
for  5  fiber  properties,  where  each  of  the  6  fiber  properties  is  omitted 
in  tum.    For  example,  the  formula  to  determine  the  partial  correlation 
coefficient  for  flh^r  ptr'^rgth  in  relation  to  strength  of  22s  yam  is 
^86.1234(35)  8^/^8.1234(35)6  -^8.1234(35)  .    The  latter  method  has 

V  1  -  .1234(35) 

certain  advantages  over  the  former  in  that  it  is  applicable  to  curvilinear 
correlation  as  well  as  linear  and,  also,  in  that  it  is  applicable  te 
partial  correlation  with  respect  to  the  importance  of  two  or  more  fiber 
properties  in  combination,  whether  linear  or  curvilinear  correlation  is 
involved. 

The  coefficients  of  partial  deternrination  are  indicated  by  r^ 
with  subscripts  corresponding  to  those  of  the  partial  correlation  coeffi- 
cients •    This  measure  represents  the  square  of  the  coefficient  of  partial 
correlation  but  it  possesses  limitations,  since  the  sum  of  those  in- 
cluded in  an  analysis  may  be  greater  than  1.00  due  to  the  fact  that 
different  bases  are  involved,  as  a  result  of  different  denominators 
being  used  in  the  calculations.    The  coefficients  of  partial  determina- 
tion have  been  calculated  but  they  are  not  reported  in  this  paper. 


The  beta  coefficients  B,  with  Bubscripts  similar  to  those  for 
the  regression  coefficients ,  constitute  another  method  for  indicating 
the  relative  importance  oJf  the  respeotire  variables  or  fiber  properties 
to  the  dependent  variable  or  yam  strength  r    These  measures  indicate 
the  change  in  terms  of  units  of  standard  deviation  of  the  dependent 
variable  resulting  from  a  change  of  one  standard  deviation  in  the  in- 
dependent variable  or  fiber  property  under  consideration.    They  are  not, 
however,  comparable  as  between  different  sets  of  data  or  groups  of 
cottons.    In  simple  correlation,  the  value  of  ihe  beta  coefficient  and 
that  of  the  correlation  coefficient  are  identical.    There  is  a  tendency 
on  the  part  of  some  to  use  the  beta  coefficient  instead  of  the  partial 
correlation  coefficient,  primarily  because  so  much  less  time  and  work  are 
required  in  the  calculations,  especially  when  more  than  5  variables  are 
involved.    However,  a  great  deal  in  accuracy  of  results  and  conclusions 
may  be  sacrificed  by  so  doing,    llie  values  for  the  beta  coefficients  have 
been  determined  in  this  study  but  they  are  not  reported  in  this  paper. 

Ihe  coefficients  of  separate  determination  d,  with  subscripts 
similar  to  the  regression  coerf ioients,  are  used  as  still  euaother  method 
for  indicating  the  contribution  of  variance  attributed  to  each  inde- 
pendent variable  or  fiber  property.    The  algebraic  sum  of  these  coeffi- 
cients is  equal  to  the  multiple  coefficient  of  determination,  euad  this 
is  a  desirable  feat\ire.    However,  the  fact  that  occasionally  a  negative 
coefficient  of  separate  determination  occurs  has  led  to  some  question  as 
to  the  reliability  of  this  statistical  measure.    The  values  for  the 
coefficients  of  separate  determination  have  been  calculated  in  this  study 
but  they  are  not  included  in  this  report. 

Regression  equations  are  derived  by  methods  described  in  various 
text  books  on  statistics,  some  of  which  are  listed  earlier  in  the 
Appendix.    The  equations  show  the  relation  between  2  or  more  variables. 
In  this  instance,  such  equations  reveal  the  relation  existing  between  one 
or  more  fiber  properties  and  the  strength  of  yam,  as  well  as  the  rela- 
tion between  any  pair  of  fiber  properties  considered.    The  equations  are 
expressed  in  symbolic  form  and  consist  of  one  or  more  regression  coeffi- 
cients multiplied  by  one  or  more  symbols  representing  the  magnitude  of  a 
fiber  property,  and  a  term  called  a  "constant,* 

Use  of  regression  equations ,  The  fiber -yarn  equations  presented 
provide  a  tool  for  directly  predicting  or  estimating  the  skein  strength 
of  22s  or  60s  yam  from  a  knowledge  of  the  magnitude  of  the  various 
fiber  properties.  To  illustrate  the  use  of  these  equations,  the  magni- 
tudes of  the  fiber  properties  for  one  of  the  cottons  used  in  this  study 
are  as  follows: 


X^,    grade  of  cotton,  by  number  5.00 

^2*    upper  quartile  length,  in  inches  1,16 

X3,    ooef,  of  length  variability,  in  percent  28,00 

X4,    fiber  fineness,  in  micrograms  per  inch...,,.  4,80 

X35,  percentage  of  mature  fibers  •  70,00 

Xg,    fiber  strength,  1,000  lbs,  per  sq,  in, , ,, , . .89 ,00 
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The  values  listed  previously  are  substituted  in  the  appropriate 
equation.    If  the  estimated  strength  of  228  yarn  is  desired  and  if  six 
fiber  properties  are  included,  equation  (2),  as  shoim  in  table  4,  should 
be  used • 

The  values  substituted  in  this  equation  give  the  follovring  results: 

(2)Xg  m  106.85000-1.894  (5.00)  ♦  31.836  (1.16)  -1.939  (28.00) 
-7.318  (4.80)  -0.264  (70.00)  ♦  0.942  (  89.00)  s  110.2 

The  estimated  yarn  strength  of  110.2  pounds,  as  calculated  above, 
compares  with  104.0  pounds  for  the  value  obtained  by  actual  test. 

The  factors  and  the  constant  are  set  up  so  -that  five  decimal 
places  will  result  in  all  the  products.    This  is  done  so  that  the  calcu- 
lation may  be  made  by  cumulating  these  products  on  a  calculating  machine, 
then  adding  or  subtracting  the  constant  term  according  to  its  sign.  In 
several  cases  the  products  are  multiplied  negatively.    Such  a  procedure 
represents  a  considerable  saving  of  time  when  a  large  number  ef  esti- 
mates are  involved. 

Use  of  regression  equations  and  conversion  formula.    The  regres- 
sion equations  for  estimating  228  and  608  yarn  strength  also  may  be  used 
for  estimating  yarn-skein  strength  of  other  counts  through  conversion  of 
the  results  so  obtained  by  means  of  the  fox*mula  previously  referred  te 
in  circular  413  19/.    The  formula  is  as  follows s 

s  Ci  Si  -  (C2  -  Ci)  21.7 

In  which  Cj^  a  22  or  60  (depending  upon  whether  the  fiber 

property  equation  for  22s  or  60s 
yam  is  used) 
C2  •  the  count  desired 

a  the  estimated  value  obtained  from  a  fiber- 
property  equation  for  22s  or  60s  yam 
$2  a  the  estimated  strength  of  the  desired  count 

The  procedure  to  follow  is  te  estimate  directly  the  strength  ef 
either  22s  or  60s  yarn  by  substituting  the  known  fiber  properties  in 
the  appropriate  equation,  using  the  equation  involving  the  yarn  count 
that  is  nearest  to  that  desired,  then  substituting  the  estimated  strength 
value  so  derived  in  place  of  Sj,  replacing  Ci  by  22  or  60  (as  the  oase 
may  be)  and  replacing  C2  by  the  particular  count  whose  estimated  strength 
is  desired.    The  formula  is  applicable  to  all  counts  of  yarns  between 
20s  and  60s  and  may  be  used  to  some  extent  for  estimating  yam  strength 
outside  of  this  range  of  counts,  particularly  in  the  lower  counts. 


19/  See  footnote  s/,  p.  10. 


For  example,  if  the  eatimated  strength  for  228  yarn  it  110 ,2 
pounds,  as  shown  in  the  previous  illustration  for  direct  estimation 
from  the  regression  equation  (2),  the  estimated  strength  of  44s  yam 
would  be  obtained  by  substituting  in  the  conversion  formula,  as  follows: 

So  =    22  (110.2)  *  (44  -  22)  21,7  ^aa9 

This  result  compares  with  41 #8  pounds  for  the  actual  strength  of 
448  yarn  spun  from  this  particular  cotton.    Tables  or  nomographs  greatly 
facilitate  conversion  of  strength  values  from  one  count  to  another, 
examples  of  i^ioh  are  given  in  "the  publication  describing  this  formula. 

Scatter  diagrams,    Graphic  charts  have  been  prepared  extensively 
in  connection  with  this  study  but  only  a  limited  number  of  the  more 
pertinent  ones  are  included  ia  this  report.    By  using  the  direct  method, 
the  values  for  all  possible  pairs  of  the  fiber  properties  ha-^e  been 
plotted  graphically  against  each  other,  as  also  has  been  done  for  each 
of  the  fiber  properties  against  those  for  the  skein  strength  of  yarn. 
It  is  easily  apparent  from  these  two-variable  scatter  diagrams  that 
certain  of  the  fiber  properties  are  correlated  with  each  other  and  that 
others  are  not;  also,  that  certain  of  the  fiber  properties  are  correlated 
with  yarn  strength  while  some  are  not,    Ihe  exact  degree  of  the  associa- 
tion between  the  various  pairs  of  fiber  properties  and  between  each  of 
the  fiber  properties  and  yarn  strength,  however,  is  not  evident  from 
the  graphs  alone.    This  status  is  due  to  the  fact  that  the  scatter  ef 
observations  and  trend  lines  are  not  precisely  comparable  from  chart  to 
chart  throughout  each  of  the  two  series  of  graphs,  since  different  units 
of  measurements  necessarily  have  to  be  employed  with  the  different  fiber 
properties . 

Direct  graphing  or  plotting  of  values  on  a  single  sheet  is  im- 
possible in  the  case  of  three  or  more  variables,  which  frequently  occur 
in  this  study.    By  means  of  an  indirect  method,  however,  the  degree  to 
which  relationships  are  present  between  yarn  strength  and  any  combina- 
tion of  2  or  more  fiber  properties  may  be  graphically  revealed  by  plotting 
the  corresponding  actual  and  estimated  values  for  yam  strength  against 
each  other.    Th&t  is,  by  using  the  equations  developed  for  2  or  more 
fiber  properties  under  consideration,  an  estimated  value  of  yarn  strength 
for  each  cotton  can  be  obtained  which  reflects  the  combined  weighted 
effects  of  all  the  fiber  properties  and  combinations  considered.  The 
estimated  value  of  yarn  strength,  when  plotted  against  its  corresponding 
actual  value,  furnishes  a  picture  of  i^at  is  involved  with  each  cotton, 
and  a  series  of  such  plotted  dots  graphically  reveal  what  is  associated 
with  a  group  of  cottons. 

The  vertical  and  horisontal  scales  are  identical  in  each  and  every 
chart  of  this  type,  thus  making  possible  direct  and  easy  graphic  compari- 
son of  the  precision  of  the  relationships  expressed  by  all  the  equations. 
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By  applying  this  indirect  ma-tiiod  ef  plotting  in  oases  where  only  one 
fiber  property  in  relation  to  yam  s  trength  is  involved,  as  well  as 
where  2  or  more  fiber  properties  are  oonoerned,  piotorial  comparisons 
may  be  made  of  all  segments  of  results  obtained  throughout  an  entire 
series,  even  though  varying  numbers  of  fiber  properties  are  included 
and  in  spite  of  the  fact  that  various  units  of  measure  are  necessitated 
by  the  different  tests.    If  all  the  dots  plotted  on  such  charts  should 
fall  on  the  45®  line  drawn  in  any  of  the  graphs,  this  would  indicate 
perfect  agreement  between  the  estimated  and  actual  yarn-strength  values* 
As  plotted  in  these  instances,  a  dot  below  the  line  indicates  that  the 
strength  of  the  yarn  has  been  overestiaated  and  a  dot  above  the  line, 
underestimated. 
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For  example,  if  the  estimated  strength  for  22b  yarn  it  110 «2 
poxmds,  as  shown  in  the  previous  illustration  for  direot  estimation 
from  the  regression  equation  (2),  the  estimated  strength  of  448  yam 
would  be  obtained  by  substituting  in  the  oonversion  formula^  as  follows  s 

Sg  s    22  (110.2)  -  (44  -  22)  21  >7  , 

44 

This  result  compares  with  41.8  pounds  for  the  actual  strength  of 
44s  yarn  spun  from  this  particular  cotton.    TSibles  or  nomographs  greatly 
facilitate  conversion  of  strength  values  from  one  count  to  another, 
examples  of  which  are  given  in  "the  publication  describing  this  formula. 

Scatter  diagrams «    Graphic  charts  have  been  prepared  extensively 
in  connection  with  this  study  but  only  a  limited  number  of  the  more 
pertinent  ones  are  included  in  this  report.    By  using  the  direct  method, 
the  values  for  all  possible  pairs  of  the  fiber  properties  have  been 
plotted  graphically  against  each  other,  as  also  has  been  done  for  each 
of  the  fiber  properties  against  those  for  the  skein  strength  ef  yarn. 
It  is  easily  apparent  from  these  two-variable  scatter  diagrams  that 
certain  of  the  fiber  properties  are  correlated  with  each  other  and  that 
others  are  not;  also,  that  certain  of  the  fiber  properties  are  correlated 
with  yarn  strength  while  some  are  not.    Ihe  exact  degree  of  the  associa- 
tion between  the  various  pairs  of  fiber  properties  and  between  each  cf 
the  fiber  properties  and  yarn  strength,  however,  is  not  evident  from 
the  graphs  alone  •    This  status  is  due  to  the  fact  that  the  scatter  ef 
observations  euid  trend  lines  are  not  precisely  comparable  from  chart  to 
chart  throu^out  each  of  the  two  series  of  graphs,  since  different  unit« 
of  measurements  necessarily  have  to  be  employed  with  the  different  fiber 
properties • 

Direot  graphing  or  plotting  of  values  on  a  single  sheet  is  im- 
possible in  the  case  of  three  or  more  variables,  which  frequently  occur 
in  this  study.    By  means  of  an  indirect  method,  however,  the  degree  to 
which  relationships  are  present  between  yarn  strength  and  any  combina- 
tion of  2  or  more  fiber  properties  may  be  graphically  revealed  by  plotting 
the  corresponding  actual  amd  estimated  values  for  yam  strength  against 
each  other.    IJiat  is,  by  using  the  equations  developed  for  2  or  more 
fiber  properties  under  consideration,  an  estimated  value  of  yarn  strength 
for  each  cotton  can  be  obtained  which  reflects  the  combined  weighted 
effects  of  all  the  fiber  properties  and  combinations  considered.  The 
estimated  value  of  yarn  strength,  when  plotted  against  its  corresponding 
actual  value,  furnishes  a  picture  of  -irtiat  is  involved  with  each  cotton, 
and  a  series  of  such  plotted  dots  graphically  reveal  what  is  associated 
with  a  group  of  cottons. 

The  vertical  and  horisontal  scales  are  identical  in  each  and  every 
chart  of  this  type,  thus  making  possible  direct  and  easy  graphic  compari- 
son of  the  precision  of  the  relationships  expressed  by  all  the  equations. 
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By  applying  this  indirect  method  of  plotting  in  oases  where  only  one 
fiber  property  in  relation  to  yam  s  trength  is  involved,  as  well  as 
where  2  or  more  fiber  properties  are  oonoerned,  piotorial  comparisons 
may  be  made  of  all  segments  of  results  obtained  throughout  an  entire 
series,  even  though  varying  numbers  of  fiber  properties  are  included 
and  in  spite  of  the  fact  that  various  units  of  measure  are  necessitated 
by  the  different  tests.    If  all  the  dots  plotted  on  such  charts  sliould 
fall  on  the  45^  line  drawn  in  any  of  the  graphs,  this  would  indicate 
perfect  agreement  between  the  estimated  and  actual  yarn-strength  values* 
As  plotted  in  these  instances,  a  dot  below  the  line  indicates  that  the 
strength  of  the  yarn  has  been  overestimated  and  a  dot  above  the  line, 
underestimated • 


